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Electrolytic Dissociation 
The History of the lonic Theory SKetched by Its Founder 


Tue Willard Gibbs address, delivered by Prof. Svante 
Arrhenius last year, has just been published in the Jour- 
nal of the American Chemical Society. It is most inter- 
esting to follow the outline of the history of ionic disso- 
ciation presented by its founder on the occasion of his 
visit to our shores to pay tribute to one of the greatest 
geniuses that America has produced, Willard Gibbs. 

Prof. Arrhenius began by sketching the early history of 
that portion of science to which he has contributed. It 
was early recognized that if the physical properties of 
different salts in solution were investigated, they dis- 
played what is termed an additive character, that is to 
say, the properties cf a solution of such a body as sodium 
chloride (NaCl) were distinetly attributable to two separ- 
ate factors. With regard to one of these factors, the 
properties of such a solution were identical with those of 
other solutions, such as potassium chloride ( K Cl, eal- 
cium chloride (Ca Ch), or, in facet, any other ordinary 
soluble chloride. On the other hand, another set of 
properties of the sodium chloride solution (for example) 
is identical with a corresponding set of properties dis- 
played by all soluble sodium salts. In other words, the 
properties of sodium chloride are representable as the 
sum of properties attributable to the radicle, or as it is 
now called ion Cl, and properties attributable to the 
radicle or ion Na. 

In addition to this there is of course a third set of prop- 
erties, attributable to the solvent. These facts had been 
early reeognized, though difficulties presented them- 
selves in the fact that certain substances behaved ab- 
normally and did not follow the general rule. But theso 
exceptions, in the subsequent development of the disso- 
ciation theory, were found to be fully accounted for by 
the fact that the substances in question are not appreci- 
ably ionized, as evidenced by the fact that they do not 
conduct electricity. 

We cannot do better than quote verbatim the major 
part of Arrhenius’ address as he outlines for us the devel- 
opment of the theory with which his name is associated, 
giving to the narrative personal touches which lend it a 
charm of its own, such as no other person could impart: 

“The men who in past times had been impressed by 
these regularities were especially the Frenchman, Valson, 
and another Frenchman, Raoult, but they never dared 
to express the idea that the two parts of a molecule were 
free, absolutely free. They said that the sodium and the 
chlorine retained, in part, their properties in a solution 
of sodium chloride. That is all. They always said they 
are combined, but still retain a certain part of their indi- 
viduality. But they could not arrive at the hypothesis 
of dissociation, because there were so many exceptions. 
They were the forerunners on the practical side, the ex- 
perimental side, but there are other forerunners, more 
interesting and more wonderful, on the theoretical side. 
In France there was a physical chemist at the beginning 
of the last century who must have been among the most 
intelligent men in the world. He was not recognized as 
much as he merited; his name was Gay-Lussaec. He had 
read some works of Berthollet and tried to explain some 
of the experiments which Berthollet cited, but in a dif- 
ferent manner from that of Berthollet. If we mix sodium 
sulphate with barium chloride, we obtain barium sul- 
phate, and sodium chloride remains in the solution, 
whereas barium sulphate precipitates out. This is a 
familiar process to chemists. The reason why barium 
sulphate is precipitated out, Berthollet said, was because 
the molecules have, so to speak, a feeling that if barium 
sulphate is formed, then it gives a precipitate, and all 
precipitates tend to be formed. Of course, this feeling 
of the molecules of what would happen is something very 
anthropomorphic and not very scientific; still Berthollet 
was one of the most prominent scientists of his time. It 
was an instance of what is called predisposing affinities. 
And it is one of the merits of the dissociation theory to 
have thrown light upon what these mystic predisposing 
affinities are. 

“’,ow, Gay-Lussae said there is no predisposition for 
anything, but that if we mix sodium sulphate with barium 
chloride, then there are always formed the two salts, sodium 
chloride and barium sulphate. All the combinations of 
the two positive ions, namely, sodium and barium, with 
the two negative ions present, sulphate-ion and chloride- 
ion, occur, and nearly in the same degree. All of the pos- 
sible combinations are formed. Now, barium sulphate 
will be precipitated and it does not react any more with 
the other salts, so these other salts are not formed again; 
but new barium sulphate may be formed and that pre- 
cipitates anew, and goes out of action, so that new quan- 
tities of this salt are formed, until the process is com- 
pleted. If it remained in the solution, it would react 
with the others and be transformed back into the other 
possible combinations, but just because it disappears it 
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cannot react with the others, and the process goes only 
in that one direction. 

“These ideas are, perhaps, a little abstract, but they 
are of the greatest interest, for they are more than eighty 
years old. They were expressed in 1839. And later on, 
in 1857, Williamson expressed absolutely similar ideas, 
and the same was the ease with Clausius, the German 
mathematical physicist. Clausius came to this eonclu- 
sion from quite different considerations. He did not eare 
at all for chemical compounds; he was not familiar with 
them, but he investigated the electrical conductivity of 
salts in solution. And it was known that if one let an 
electrie enrrent pass through a solution, then that solu- 
tion is electrolvzed, as it is called, that is, the two parts 
of the salt which were called radicals, and which are now 
ealled ions, are separated from each other, and are sot fres 
at the so-ca'led poles, that is, at the two p'aces at which 
the current enters and leaves the solution. And Clausius 
drew attention to the circumstances which had been 
proved by many an experimenter—(he, himself, was not 
an experimenter at all)—namely, that the slichtest elee- 
trie foree is able to tear asunder these two ions from their 
eompounds. He econeluded that the ions must be free, 
because they are separated from each other by the least 
foree, sinee, if they were held together bv a finite force, it 
would not be possible for the least electrical foree to tear 
them asunder. But he said: ‘Perhaps it is only an ex- 
tremely small fraction which behaves in that manner,” 
and thereby he diminished the value of his conclusion. 
It must be said that’Gav-Lussae was the first who found 
what was the truth; what we now regard as the truth. 
Perhans it is better to say that these contributions of 
Clausius, Williamson, Gay-Lussae, Valson and Raoult did 
not earry conviction on account of the antagonism against 
the view that common salt, which all people know, is 
dissociated, as it is called, that is, is torn asunder into its 
two parts, namely, sodium and chlorine. This idea 
seemed absolutely imvossible; it could not be aerented. 
Every one knows that if we dissolve salt in water, the 
solution has a salty taste, but it has not at all the pron- 
erties of sodium; for sodium is a metal and is not soluble 
in water, except in the form of the hydroxide. Further, 
it has not at all the properties of common chlorine; 
heecause common chlorine gives a verv disagreeable odor 
to water, and also a green shade to its color, and tastes 
extremely disagreeable and is poisonous. It is clear that 
if sodium ehloride is dissociated into sodium and chlorine 
in the water, it must be something else than the eommon 
chlorine and eommon sodium, but this econelusion seemed 
hard for most chemists. But we know now very well 
that if you have phosphorous, for instance, you ean have 
it in at least two different modifications. One is yellow 
phosphorous, it burns very easily, is verv disagreeable to 
smell and is very poisonous; the other is red phosphorus, 
which is not poisonous, does not emit vanors or a bad 
smell, and is dark red in color, in contradistinetion to the 
yellowish color of yellow phosphorus. The two sub- 
stanees seem to be as different as possible. Another case 
which is very familiar is that of the diamond and common 
carbon; they have different properties, and still it is car- 
hon in the two eases. 

“Why should not sodium behave in two different man- 
ners? There is another dissimilarity in that ease, namely, 
that the eommon sodium is not charged with electricity, 
and that the sodium, which is dissociated from the chlo- 
rine in the sodium chloride solution, earries an enormous 
quantity of electricity, and that may give it wholly dif- 
ferent properties. In realitv, we may say that if these 
difficulties are still not wholly overeome, they are not 
absolutely insurmountable diffienlties. We mav say that 
it is possible, and it is true, that ionization of sodium 
chloride forms another sodium than the common metallic 
sodium. But there is much work to be done still in that 
line, until we clearly understand it, and this work will 
probably throw much light on the electrical side of the 
question. 

“T had to work out a thesis in order to get a doctorate; 
that was in 1882—T had come so far then. The onvnpor- 
tunities for working it out in my home university, 
Upsaia, were not favorable, therefore I went to Stock- 
holm. Thereby I came under the influence of the great 
electrician, Edlund, who had a very great diversity of 
interests, and T only wish to say that probahly it is due 
to him that I have heen interested in very different 
things. For he worked on the aurora borealis, and on the 
theory of electricity. on eleetrie currents, on the electric 
are, and so forth. * He also had a great number of nrac- 
tical interests and was nresident of the Po'lvtechnie Insti- 
tute in Stockholm. When I came to him, he did not 
encourage me very much to continue wit? chemiea! ideas, 
because he did not understand them very well. He was a 
pure physicist, but I had some ideas of my own. My 


teacher in chemistry, Cleve of Upsala, a very renowned 
chemist, had leetured on organie chemistry, and he 
always said eane sugar has the formula C'"H20'1, o 
some multiple of that, probably some very high multiple, 
and no one could solve that question, he said. T thought 
that it would be of great interest if one could solve that 
question, for just such things will promote science and 
knowledge very much, which are said to be impossible. 
As you know, the determination of molecular weights 
plays the most fundamental role in chemistry, and | 
thought, perhaps I can apply electrical methods in soly- 
ing that question. Tt was often said, at that time, and is 
said even now, that electricity is the source of all phe 
nomena, so that its application might solve all questions, 
and overcome all difficulties. I tried that, but did not 
succeed; but at the same time, Raoult, in France, sue 
ceeded by determining the freezing points of solutions, 
I did not know his results, but T continued and came to 
the investigation of the conductivity of solutions. There 
was already then a large amount of work in that line and 
my contributions were only a small part of what was 
known. But my great luck was that I investigated the 
conductivity of the most dilute solutions. In these 
dilute solutions the laws are simple compared with those 
for concentrated solutions, which had been examined 
before. It was then easy to find that the irregularities, 
which came in every step with concentrated solutions, 
disappeared. The whole thing was very simple, but it 
was necessary to believe that the econdueting molecules 
which, according to Clausius, were dissociated, that these 
conducting moleeules were the whole part of the dissolved 
salt in this high dilution. I knew my _ professors in 
Upsala too well and found that it would be impossible to 
get them to believe that. Therefore, if 1 had made such 
a statement in my doctor’s thesis, it would not have 
been approved, so that I would have had to work ona 
new thesis before I could be nominated doctor. 

“Therefore, I did not say that there is a nearly total 
dissociation of salts in their highly diluted solutions, bul 
I said that the salts consist of two different kinds of 
molecules in solutions, the one inactive—this expression 
did not look so dangerous—and the other active. These 
latter conduct electricity, and the others, the inactive 
ones, do not. In the highest dilution all molecules are 
active, and T said further that the moleeules which are 
active are in the state described by Clausius; he was a 
great authority, therefore it could not be regarded as 
unwise to share his ideas. Interesting as the electrical 
conductivity is, it seems of a secondary interest from a 
chemieal point of view. Buta study of Berthollet’s work 
on thermochemistry showed me that those acids which 
conduct electricity the best are also chemically the 
strongest and always displaced the weak acids which do 
not conduct electricity or only conduct it poorly. With 
different acids the differences of conductivity are such 
as one to one million, in many eases. Therefore the 
determination of their order regarding conductivity is 
very exact. It was now quite clear to me that there 
were no exceptions to the rule that, of two acids, that 
which had the better conductivity in equivalent solutions 
in a given solvent was also the stronger acid. The next 
step was also quite clear: the active molecules, which 
are active in regard to electricity, are also active in te 
gard to chemical properties, and that was the great. step. 
T got that idea in the night of the 17th of May in the 
year 1883, and T could not sleep that night until I had 
worked through the whole problem. 

“Now, after that day, I was very certain that T had 
made an important step, and I worked out one line after 
the other, in detail, and then came to- new conclusions. 
Every one knows that water may be regarded as a 
acid, though a very weak one; therefore, if I have am 
acid, for instance, nitrie acid and water, and let them 
compete for a base, for instance, sodium hydroxide: 
then the nitrie acid, strong as it may be, cannot take all 
the sodium hydroxide, but must leave a very small patt 
to the water; that is so-called hydrolysis. 

“Tt was very easy to work out from these consider 
tions a theory regarding the hydrolytic activity, and | 
found that it agreed very well with experience, according 
to Berthollet’s work. 

“These conclusions were formed with the help of the 
book of Berthollet, which contained everything regarding 
equilibrium. And then there was another thing: 4! 
acids in reacting with the same base give the same heal 
of neutralization; for one equivalent 13,500 calories 
That is directly true only for strong acids with strom 
bases, for examnle, if T take sodium hydroxide, which is4 
strong base, and nitrie acid, a strong acid. Tf T go tothe 
weak acids I find small deviations, and if I take wate? 
find no evolution of heat at all. What could now be tH 
cause of this difference? It was clear that it was due oll 
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to their different degree of activity; and, therefore, I said, 
if I mix an absolutely active, that is, an extremely dilute, 
strong acid and a similar base in equivalent quantities, 
the same quantity of heat is always evolved. The base 
may be any base and the acid may be any acid. When 
strong acids and strong bases react, water is formed, and 
the heat which is evolved is simply the heat of formation 
of inactive water from absolutely active water. For if 
the water formed had been absolutely active, we should 
have had no heat effeet at all. The difference found 
in neutralizing weak acids is just due to the heat of 
transformation of the inactive molecules of the acids 
into active ones. The heat of neutralization of strong 
acids and strong bases is the heat of combination of the 
ions of water, hydroxide and hydrogen ions, when in- 
active water, that is the common HO, is formed from 
them. 

“Then I arrived at another conclusion, namely, that if 
two electrolytes react upon each other, they give only 
reactions of the ions and do not give anything else. For 
instance, potassium ferrocyanide, which contains potas- 
sium, iron, and carbon and nitrogen in the form of 
cyanogen, does not give reactions of iron or cyanogen, 
for these ions are not the ions of this salt; but its ions 
are potassium and the rest of the molecule. In all cases 
the one ion is the metal, and the other ion is the rest of 
the moleeule. And this rest is not iron or cyanogen and 
therefore the potassium ferrocyanide does not show any 
reaction of iron or cyanogen. As it was called before, 
the “type” of the salt was “conserved” in this case, the 
“type” of ferroeyanides. So, if we may allow potassium 
ferrocyanide to react on another salt, then always a fer- 
rocyanide, that is, a salt of the same type, is formed. 
This “conservation of types’? could not be explained 
before. T had, in this manner, deduced a rather great 
number of different. proper ies which had not been ex- 
plained before; but T must say that this cireumstance 
made no very great impression upon my professors in 
Upsala. 

“T came to my professor, Cleve, whom IT admire very 
much, and I said: ‘I have a new theory of electrical con- 
ductivity as a cause of chemical reactions.’ He said: 
‘That is very interesting,’ and then said ‘Good-bye.’ 
He explained to me later, when he had to pronounce the 
reason for my receiving the Nobel prize for that work, 
that he knew very well that there are so many different 
theories formed, and that they are all almost certain to be 
wrong, for after a short time they disappear; and, there- 
fore, by using the statistical manner of forming his ideas, 
he concluded that my theory also would not exist very 
long. 

“IT was not very content with that opinion, and then I 
thought, in foreign countries there are such prominent 
scientists, they might look at it differently; it might 
appeal to them. Then I wrote to Clausius, and said: 
‘What do you think of that?’ I wrote to Ostwald—he 
worked on the same line. I wrote to Thomsen. I re- 
ceived friendly answers from most of those scientists, 
and they were very glad to make my aequaintance, and 
so on, but it was not very much more. The only excep- 
tion was Ostwald, and he describes, himself, how it was 
that he got on the same day this dissertation, a tooth- 
ache, and a nice daughter, and that was too much for 
one day, and the worst was the dissertation, for the 
others developed quite normally. But this bulky disser- 
tation was very hard for him, and he said there were indi- 
cations that.some of its parts were not quite in order. 
There were some unfamiliar expressionsand sanguine ideas, 
but, finally, he found it still might be good to look into, 
if it was true. He had a great number of acids, which he 
had investigated regarding their chemical reactivity, 
that is, regarding their chemical strength in catalytic 
reactions, and then he investigated them in regard to 
their conduct vity, which was done very rapidly. He 
found that their chemical activity and their electrical 
conduetivity were nearly proportional to each other. 
Then he came to me to see me personally, and spoke with 
me, and we had some very pleasant days together, and 
then we made plans regarding the development of the 
whole of chemistry. Everything seemed to us so regular 
and fine, and we have really developed that program for 
the most part; but I must say that the reality has been 
much better than we believed at that time. 

“Then Ostwald, of course, visited my dear friend and 
teacher, Cleve. Ostwald spoke to him one day in the 
laboratory. I came a little later. I was not expected, 
and then I heard Cleve say: ‘Do you believe sodium 
chloride is dissolved into sodium and chlorine?’ In 
this glass I have a solution of sodium chloride; do you 
believe there are sodium and chlorine in it ? Do they 
look so?’ ‘Oh, yes,’ Ostwald said, ‘there is some truth 
in that idea,’ and then I eame and the discussion was at 
anend. I was very sorry for that. 

“After Ostwald’s visit to Cleve, I was nominated 
Privatdozent of physical chemistry in the autumn. 
Two years later I went to Ostwald in Riga to work. 
The work was very easy in the beginning; I collected 
much material and wrote it out a little later in four parts. 
After the visit to Riga I went to Kohlrauseh, in Wiirz- 
burg, and to Boltzmann, in Graz, and I visited van’t 
Hoff’s laboratory, so that I had a good schooling at that 


time. Every where I went, I worked further on the same 
lines. Then, when I was in Wirzburg, I received a 
memoir of van’t Hoff’s, in which he had given the theory 
of Raoult’s work regarding the freezing point, of which I 
spoke in the beginning. After having read this memoir 
it was quite clear to me that I might dare to say that all 
these substances which are active, that is all electrolytes, 
consist of two molecules, and not of one; that is, sodium 
chloride is composed of two molecules, the sodium ion 
and the chlorine ion. Then the theory of electrolytic 
dissociation was expressed without any restriction (1887). 
I had then a three-fold basis for my conclusion, the chem- 
ical one and the electrical one, and then the thermody- 
namical one, regarding the freezing point. On a founda- 
tion of three points you may construct a very solid 
building. The first publication of this hypothesis came 
into a report of the committee appointed by the British 
Association for investigating the conductivity of elec- 
trolytes. I wrote directly on this question to Ostwald. 
He did not understand me—I must have written a little 
rapidly. But later on I published the theory in a more 
elaborate form, and then its importance was clear to 
Ostwald to van’t Hoff, and many others. 

“T came_to van’t Hoff in 1888. On the way I visited 
Kiel, midway between Stockholm and Amsterdam, 
van’t Hoff was at Amsterdam at that time, and then I 
spoke with Planck; he was very much interested in this 
subject, and he said: ‘Il ‘agree wholly with you, but there 
is a difficulty. If I consider the conductivity of copper 
sulphate, I may calculate how great a part of that salt 
is dissociated and then this part must conform to the law 
of equilibrium which was announced by Guldberg and 
Waage. The difficulty is that my calculations do not 
agee with that law.’ He asked me if it was possible to 
suppose that this discrepancy was due to the cireum- 
stance that the equilibrium was not reached immedi- 
ately after the solution. I said that I supposed there was 
no hope to help it out by such an hypothesis. Then I 
came to Amsterdam and when I saw van’t Hoff, he said: 
‘The dissociation theory is very good, but can you get 
it to accord with the law of Guldberg and Waage? I have 
calculated the conductivities of potassium chloride; they 
do not agree.’ Then J said to him: ‘ Yes, that is as you 
say, but you ought to try thecalculation with acetic acid ;for 
with acetie acid you can change the degree of dissociation 
in the proportion of 1 to 100, but with the salt you cannot 
change it more than in a proportion of 3 to 4. Of course, 
you must, if you want to see if a rule is true, take the 
greatest variation possible.” He said: ‘ That is true, 
please sit down and calculate it yourself;’ and he gave 
me a logarithm table and I sat down and the result 
looked very well, and I showed it to him, and I said: 
‘You see that is not so bad.’ He was very much inter- 
ested; but he wished to have a better agreement. He 
said to his assistant Reicher: ‘You must make abso- 
lutely pure acetic acid and some other acids. I will need 
them.’ Reicher did not understand why van’t Hoff 
needed the acids. He distilled them, but van’t Hoff was 
not content until after some weeks of hard work. The 
measurements on the new, pure preparations agreed 
perfectly with the theory of Guldberg and Waage. Dur- 
ing this time he received a paper in the Zeitschrift fir 
physikalische Chemie, and in it Ostwald announced that 
he had found that the said rule holds, and therefore it is 
called ‘Ostwald’s law of dilution.’ You will see from 
this example that the idea was, so to speak, in the air. 
Ostwald worked on it and Planck and van't Hoff worked 
on it simultaneously; Ostwald was the editor of the 
Zeitschrift, and used the opportunity to publish it first. 
He made, at first, no new, more accurate experiments, as 
van’t Hoff did, but was content with his old figures. 
Later, he made a great number of new determinations; 
he found the law of equilibrium to be true in a very much 
higher degree than this law had been proven before, for 
gases. After this important discovery, the dissociation 
theory won a great number of adherents; but not all 
agreed with us. Every time I came to Berlin, where the 
young privatdozents subject scientific novelties to a 
severe criticism, they said: ‘The dissociation theory is 
not so bad, but perhaps it is not quite in order, and Helm- 
holtz will fix it up for you.’ I spoke to Helmholtz and he 
didn’t say so himself. It was his assistants who believed 
they understood science much the better. When IT came 
to Erlangen, I spoke with Wiedemann, and he said: ‘It is 
very interesting, of course, but you have not found the 
real cause of the things in question. I know what this 
eause is, it is the internal friction, and I hope to show it to 
you;’ whereupon I answered: ‘Yes, I am thankful for 
that, but the more, the earlier you publish your ideas.’ 
Unfortunately, he has not done it yet, and that was 
twenty years ago. After some years, our opponents did 
not attack us any more, but still they showed a passive 
resistance, which all of you know is much more difficult 
to conquer than an active one. All of them hoped that 
some one would come to demonstrate that we were on 
the wrong path. This situation became too long and 
tiresome for Ostwald. He said: ‘Let us attack them, 
that is the best method.’ He wrote very severe critic- 
isms of the opponents’ memoirs in his journal, and he 
said openly that they did not understand anything re- 
garding physical chemistry. Thereupon the opponents 
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gave their assistants and other pupils, who were going to 
make investigation, subjects to treat of which they hoped 
would show that we were not right, and said that we 
were unable to explain them. But, in reality, it was 
always easy to find an explanation founded on the new 
theories of solutions, whereas no explication was given 
from the other side. In that manner, from our own side 
and from the opposition, a great deal of material favor- 
able to the new theories was soon collected. 

“There were two other favorable cireumstances for the 
progress of the dissociation theory. At that time Ost- 
wald’s great treatise on general chemistry was published, 
in which he used the dissociation theory. The other 
favorable circumstance was that Ostwald opened in 
Leipsic the only laboratory in the world for physical 
chemistry, and there came people from all nations of the 
world to be initiated in the new views. The smallest 
number of them were Germans. The Americans were 
very many. Ostwald was a genius. He transferred his 
enthusiasm for the great work to his pupils and they 
went out in different parts of the world and worked on 
physico-chemical problems, and applied the theory of 
van’t Hoff and the dissociation theory in the explana- 
tions of their experiments. So it came about very rapidly 
that the new dissociation theory was in the majority and 
not in the minority, as before. Tam glad to say that this 
work continues still to-day, and that especially Ameri- 
cans are working on the old classical lines; here are a 
great many laboratories where the old traditions are 
prevailing, more than in any other part of the world, even 
in Germany. Van't Hoff is, | am very sorry, dead, and 
Ostwald has left chemistry and gone into other branches 
of science, and still more of philosophy. Now the disso- 
ciation theory is brought to a certain degree of complete- 
ness, certainly there is much left to do in it, and we treat 
with a very great degree of accuracy a very great number 
of questions regarding solutions. Therefore, the time has 
come for the application of the theory of solutions, 
Solutions play the most important rdle in the world; 
therefore the alchemists said that there is nothing which 
acts chemically but solutions. Solutions fill the oceans, 
solutions are running in our veins and solutions form the 
chief part of all organisms; life is bound to solutions, as 
well as chemical reactivity. In the broad sense of the 
word, the terrestrial and the celestial bodies chiefly con- 
sist of solutions, inasmuch as their chief parts are mix- 
tures of different fluid bodies. Why should we not apply 
what we found regarding solutions to the different inter- 
esting problems regarding these bodies. By the applica- 
tion we already have cleared up fundamental chapters in 
different sciences, and especially in the field of physiology 
and biology. These applications have been of the 
greatest interest, and even in that line extremely good 
work is carried out here in America at the present time; 
and I have the greatest respect for and expectations from 
just that work, for it is clear that biology will be the chief 
science or the most practical science, 1 may say, of the 
coming time. It regards life, and we are living organ- 
isms, and that is our most special property; and there- 
fore physiology, or the science regarding life, will have 
the greatest influence of all the sciences upon the prin- 
ciple of life and upon the development of humanity.” 


Peculiarities of Metallic Filament Electric 
Lamps 

Some peculiar observations have been made regarding 
the initial effects on first turning on the current in a 
metallic filament electric lamp. It appears that the 
luminosity of the filament upon first lighting up exceeds 
that under steady conditions. The explanation which 
first suggests itself for this phenomenon is that the fila- 
ment has a smaller resistance at low than at high tem- 
peratures. However, this would imply that the resist- 
ance readjusted itself less rapidly than the temperature 
of the filament, or, in other words, that there is a lag in 
the rate of change of the resistance behind that of the 
temperature. This seems rather improbable, and at- 
tempts have been made to explain the phenomenon in 
some other way. It was first suggested that the appear- 
ance is purely subjective and is due to the fact that the 
pupil of the eye contracts on turning on the light, so that 
at the very first, before the pupil has had time to respond, 
more light is received than a moment later. This seems 
very plausible, but experiment shows that it is not the 
correct explanation, for photographic records prepared 
upon a moving film show that the increased luminosity 
of the filament at the start is a positive and objective 
fact. A more satisfactory explanation which has been 
offered is that the true cause lies in the connections fused 
through the glass of the lamp, whose temperature rises 
more slowly than that of the filament, and which, for a 
very short time, tend to decrease the total resistance at 
the instant of lighting, thus causing an increased current. 

Another circumstance which might tend in the same 
direction is the effect of the residual gas in the globe. 
When the lamp is cold this gas is adsorbed by the glass 
walls of the lamp, and in the neighborhood of the filament 
the vacuum is very high. When the light is turned on the 
gases expand under the influence of the heat, diffusing 
toward the center of the globe, reducing the vacuum 
and increasing the loss of heat by conduction.—Cosmos, 
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View from Right, Showing Duct for Carrying Off Heated Air from Cooler. 


A Novel Light Steam Tractor 


View from the Left, Showing Fan and Duct for the Cooling Air. 


With Air Condenser and Spring Draught Gear 


Tne light steam tractor trials inaugurated by the 
British Military Department resulted in considerable 
ingenuity being displayed to meet the requirements of 
the tests. The most stringent conditions imposed were 
that the tractor must be capable of hauling a load of 8 
tons for a distance of 100 miles upon a single charge of 
fuel and water. Among the various firms who entered for 
the trials was the firm of Allen & Simmonds, Ltd., the well- 
known engineers of Reading (England), but owing to the 
shortness of the time allowed for the construction of the 
engine it could not be completed in order to participate. 
Since then, however, the machine has been completed 
and it has aroused considerable interest owing to the 
many novel features which have been embodied, and 
which through the courtesy of inventors we are enabled 
to illustrate and describe. 

The water question was the greatest difficulty, and in 
order to meet this requisite adequately, the Allen & Sim- 
monds tractor is fitted with two additional water-tanks, 
one on either side of the boiler, as shown in the illustra- 
tion. The third tank is carried at the rear beneath the 
coal bunker in the usual manner, the bunker itself being 
of slightly larger dimensions in order to carry a sufficient 
charge of coal for the 100 miles’ run. In addition, the in- 
ventor have secured greater water economy by the incor- 
poration of a special air condenser of novel design. It is 
of very substantial design and construction, and is 
mounted on the underside of the protective roof. The 
condenser comprises a series of cast iron plates which 
may be of any form, but in this instance they are of rect- 
angular shape, set side by side. These frames are spaced 
apart by means of distance pieces. On either side of the 
latter thin brass plates are disposed, these having the 
same superficial dimensions as the cast iron frames. The 
whole is clamped together and the result is a series of 
compartments communicating with one another through 
their inlets and outlets. 

There are thus formed two spaces of small, though dif- 
ferent dimensions, the smaller space being intended for 
the passage of the exhaust steam. In each of these steam 
spaces is inserted a thin corrugated brass plate, and the 
sides of the frames are perforated at the opposite corners, 
one opening serving for the passage of the incoming, and 
the other for the outgoing, draught of air. When a series 
of these units are bolted up together, a series of steam 
and air passages ranged alternately are produced, one 
series being quite distinct from the other. The air enters 
and emerges at the diagonally opposite corners while the 
steam enters by another port. 

A centrifugal fan is mounted on the engine and drives 
a strong current of cold air into the condenser which 
travels as many paths as there are frames, while the ex- 
haust steam entering its own port, likewise follows as 
many paths as there are steam passages, and in this pro- 
cess the walls of its passages are played upon by the con- 
tinuous blast of cold air, bringing about condensation, 
so that by the time the outlet port of the steam passages 
is gained it is restored to water, and is returned to the 
boiler to be used again. 

Obviously the air in passing through the apparatus 
becomes heated from contact with the walls of the ex- 
haust steam compartments. Instead of this heated air 
being ejected directly into the amosphere in its entirety, 
the whole or part thereof is led through a duct and deliv- 

ered into the ash box, the warm air passing up through 


the fire promoting combustion in its progress, and bring- 
ing about an appreciable economy in the fuel consump- 
tion, finally making its escape through the smokestack. 
Or if desired a portion of the heated air may be led to the 
top of the fire to commingle with the gases and thereby 
bringing about more perfect combustion. 

The supply of-air for these purposes is controlled by a 
special form of air valve placed within easy reach of the 
driver on the air duct leading from the outlet of the con- 
denser to the ash-box, as shown in one of our illustrations. 
By means of this valve the air can be shut off entirely 
from the ash-box, as for instance when the fire door is 
opened, or the supply to the ash-box can be regulated to 
any desired degree, the air not required being permitted to 
escape through the slots into the atmosphere. 

The spring draught gear is also worthy of notice. In- 
stead of the coupling gear being rigid with the rear part of 
the eng ne, the draught gear is so arranged that it ean 
move vertically up and down, around the main axle cen- 
ter, and is actually mounted upon the engine bearings. 
These two rising and falling side bars and the back con- 
nection surrounding the rear water-tank may be seen in 
one of our illustrations. The back connecting piece be- 
tween ‘the two side bars comprises two plates between 
which is a laminated leaf spring set horizontally and bears 
the draught plate. 

The advantages of this arrangement are numerous. 
In the first place the coupling gear of the engine accommo- 
dates itself to the level of the coupling gear on the load to 
be hauled, and there is no possibility of the weight of the 


engine being thrown upon the rear or front wheels, as is 
the case when the engine coupling gear is fixed, and the 
eoupling gear on the load is either above or below it. No 
tilting of the engine can take place. Moreover no racking 
stresses can be set up, and the usual jolts and jars of start- 
ing are avoided entirely, because any such action must be 
taken up by the laminated spring. Again any side pull 
exerted by either of the side rods must be passed on by 
the spring before it can reach the load, and the pull must 
always be transmitted radially from the back axle. The 
engine is also fitted with a hauling cable guide, the tractor 
being supplied with 75 feet of steel wire cable for hauling 
purposes. The tractor has been submitted to several 
exacting tests and the novel features embodied have 
demonstrated their efficiency in a completely satisfactory 
manner. 


The Telephone in Photoelectric Observations 


Licut may affect the electrical properties of substances 
on which it falls in two different ways, either, as in the 
ease of selenium, the resistance of the material to an elee- 
trical current is altered; or there may be a true photo- 
electric effect, that is to say, the beam of light falling upon 
the substance generates an electro-motive force. The 
usual arrangement for displaying the latter phenomenon 
consists of two plate electrodes immersed in liquid, light 
being allowed to fall upon one of them. Mr. Eugene 
Bloch of Paris has been experimenting with cells of this 
kind, inserting a telephone into the circuit and periodic- 
ally interrupting the beam of light so as to produce an 
audible sound in the telephone. The alkali metals are 
found to be the most sensitive for this purpose, and Dr. 
Bloch has worked with potassium. One electrode con- 
tained in the glass cell consists of potassium; the other 
is formed of a parallel wire. The potassium is given a 
negative charge of several hundred volts from a battery, 
and the second electrode is connected to the positive pole 
of the battery through a measuring instrument and tele- 
phone. Are light or sun light is allowed to fall upon the 
cell through a rotating dise provided with a number of 
holes. When using sunlight a current of 0.5 milli-amperes 
is obtained; with the are the current is 0.1 to 0.2 milli- 
amperes. This represents quite a considerable current 
for a cell of this kind. When the disk is rotated so that 
the light is intermittent, the value of the current natur- 
ally falls, but assumes a constant value independent of 
the speed of the disk. This shows that the photoclectri¢ 
eurrent depends only on the total amount of light re 
ceived by the metal and is independent of the way in 
which the light impulses are distributed. When the disk 
rotates the telephone gives out a clear sound, the piteh 
depending upon the speed of the disk, and being the same 
as would be obtained in the ordinary siren by a similar 
disk rotating at the same speed. Mr. Bloch points out 
that this is in accord with the supposition that the photo- 
electric effect instantly follows any variations in the 
illumination. He went up to frequencies of 2,000 per sec 
ond and the experiments were successful throughout. 
The strength of the current could probably be increased 
by using rubidium instead of potassium and employ- 
ing a quartz cell, which does not cut off the ultra-violet 
rays, so that a given light would have a greater effect. 

A growing interest has been displayed of late in photo 
electric phenomena, and we may look for important prac 
tical applications of these effects in the future. 
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A New Process of Sewage Mud Disposal 


Tur disposal of sewage mud (like that of sewage itself) 
constitutes an increasingly difficult problem. A most in- 
genious solution, which also allows of other applications, 
has been recently suggested by Dr. E. Steuer of Neu- 
stadt a.d.H., and is briefly described in the following. 


SCIENTIFIC 


By Our Berlin Correspondent 


tank A. The hydrostatic pressure in the settling tank 
therefore is allowed to make itself felt only at this point, 
on pulling the slide in the rising pipe o, thus throwing the 
disk p against the pipe o and conveying any mud confined 
within the groove undiluted into the mud tank B. After 
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It may be said that no such uniform fermenting is pos- 
sible in the case of continuous operation, according to any 
scheme previously suggested. Any water liberated by 
the decomposition and gradual concentration of the mud 
is discharged uniformly at the opposite side, through a 


Fig. 1.—General View of the Settling Tanks. 


Before entering the settling tank A (Figs. 2 to 4) the 
sewage is freed of its mineral matter in suitable sand- 
catchers, while any grosser impurities are arrested by 
rakes. 

In the settling tank, any floating greasy and other 
light matter is stopped at some distance from the entrance 
i, by a slanting wall k, whence it is withdrawn readily and 
neatly by means of a rotatory skimmer. Any suspended 
turbid matter gradually sinks from the slow flow toward 
the discharge opening j, gliding alongside the slanting 
walls 1, toward a groove m, traversing the whole basin. 

A heavy beam n suspended at suitable distance above 
the groove m is dropped from time to time, say once 
daily, thus closing the groove tightly and separating the 
amount of mud corresponding to one day. The groove m 
is continued on one side by a rising pipe o, fitted with a 
quick-acting slide which terminates in a contiguous tank 
B, at about 1 foot 8 inches below the water-level in the 


then closing the slide and raising the beam (thus causing 
the disk p to return into its initial position), the groove m 
will again be opened to receive another charge of mud. 

This process takes about 3 minutes, without any inter- 
ruption in the service, the mud being discharged in 15 to 
20 seconds. 

In fact, about 71 cubic feet of thick fresh mud are 
dumped into the first compartment of the mud tank B, 
while the pressure wave thus produced throws a corres- 
ponding amount of older mud below each partition r of 
the tank B into the next compartment. As fermentation 
imparts to the mud only a vertical motion (ascending or 
descending), there is no possibility of the contents of 
these compartments mixing with one another, so that the 
mud entering the last (slightly lower) compartment may 
be safely considered as having left the settling tank A at 
least 3 to 5 months earlier, thus being thoroughly fer- 
mented throughout its mass. 


Fig. 3.—Vertical Longitudinal Section Through Tank. 
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Fig. 2.—Plan View of a System of Tanks. 


balancing tube s, independently of the intermittent 
entrance of the mud; since the mud is thoroughly fer- 
mented, there is no objection to its being mixed with the 
clarified sewage. 

The thick mud having undergone fermentation is dis- 
charged as usual through a pipe ¢. It is saturated with 
inodorous gases, the greater part of which escapes rapidly, 
while the remainder imparts to the dried mud a porous 
consistency. Apart from more rapid fermentation, this 
process therefore affords the advantage of a rapid and 
inodorous drying. 

The same process is used for clarifying the water used 
in the purification of blast-furnace gas and which is laden 
with large amounts of mud. Such settling tanks have 
been installed at some blast-furnace works of Lorraine 
and Luxemburg. These plants have an output of 700 to 
1,800 cubic meters per hour. Several other plants are in 
course of construction. 


Lal T 


Fig. 4.—Cross-Section. 


An Electrically Operated Aerial Ferry at Osten 

One of the most interesting and unique electrically 
driven aerial ferries in the world is that at Osten, Ger- 
many, the method of operation and details of con- 
struction being shown in the accompanying illustra- 
tion. The aerial electric ferry consists of a bridge 
structure over the river having a span of 80 meters 
(262.5 feet) and a width between the piers supporting 
the portal structure of 25 meters (82 feet) between 
centers. The bridge measures 10 meters (32.8 feet) 
in width with a height of 21 meters (68.9 feet) on which 
travels an electric trolley 8.75 meters (28.7 feet) wide, 
carrying a steel framework supporting a car traveling 
from one bank of the river to the other. 

This hanging car is 14 meters (45.9 feet) long and 
3.5 meters (11.5 feet) wide, has a capacity of 18 tons 
and will carry vehicles and passengers at a speed of 
4.4 meters (15.3 feet) per second in quiet weather and 
against a heavy wind at a speed of 2.5 meters (8.2 feet) 
per second, carrying 140 passengers. 

There are two electric motors utilized on the trolley 
Passing over the bridge mounted on the center of the 
trolley and geared to the four wheels of the same, through 
worm wheels and bevel gearing. The distance between 
the wheels of the trolley is 8 meters. (26.2 feet), the 
motors being mounted 4.6 meters (15.1 feet) from each 
Wheel. The rails laid on the bridge structure are of the 
Bignol type with a gage of 9.2 meters (30.2 feet), and the 
Motors are controlled by hand as well as by electro- 
Magnetic brake for automatically bringing the car to 
rest when arriving at either end of the structure. 

The fare charged for passengers on this electric 
ferry is five pfennig or one cent. The cost of the structure 
is said to have been about $45,000, of which the electrical 
equipment was about $8,000. The latter was installed 


The Steel Frame of the Bridge Supports the Ferry Car in Transit. 


by the Allgemeine Elektrizitits-Gesellschaft of Berlin, 
while the bridge structure and car equipment were the 


work of the Maschinenfabr&k Augsburg-Niirnberg Aktien 
Gesellschaft. 


1912 
245 
. ’ 
b — — S= 8 
> 
AF 
| 
/ | : 
oq 


“re 


246 SCIENTIFIC AMERICAN SUPPLEMENT’ No, 1894 


Apri, 20, 1919 


The Industry of Organic Plastic Materials 


” 


Tue term “plastic materials” is here employed in. a 
restricted sense, including only such materials as celluloid 
and its numerous substitutes, which can easily be shaped 
by cutting and grinding, as well as by molding, and ex- 
eluding artificial textile fibers and India rubber and its 
imitations. 

The substances of the former class are consumed in 
great quantities in making photograph films, toys and 
other small articles. The world’s daily output of cellu- 
loid collars amounts to 3,000 dozens, and that of motion 
picture films to 100,000 linear feet. 

From the beginning of civilization, horn, bone, tortoise 
shell and other natural materials of this class have been 
used for many purposes, for which they are superior to 
wood but inferior to their artificial substitutes in cheap- 
ness, convenience, facility of working and diversity of 
applications. Here, as elsewhere, artificial synthesis sur- 
passes nature. The artificial product can be produced in 
unlimited quantity, of uniform quality, in any desired 
form and endowed with special properties for special uses. 

In this abstract of a recent article in the Revue des 
Sciences we shall consider suecessively the substances 
composed of cellulose, pure or combined with various 
salts, those composed of nitrocellulose combined with 
eamphor or its substitutes, and those which are made 
from casein, phenols and formol. 

Some plastic substances are obtained by a very simple 
treatment of paper pulp. The crudest and least homo- 
geneous is papi¢r mach?, made of old newspapers 


shredded, macerated long in water and agglutinated by a 


little glue. A wrapping paper of characteristic appear- 
ance, pale-yellow, thin, tough and glossy, is made from 
wood pulp treated with calcium bisulphite. If this bisul- 
phite pulp is worked in the mill until its fibers are com- 
pletely disintegrated, and the mass is desiceated, a block 
of almost pure amorphous cellulose is obtained. This 
produet, which can be worked like celluloid, is known as 
“eellulith.” 

Woody fiber can also be converted into a homogeneous 
plastie mass by the addition of a solvent, in very small 
quantity, either to paper or to paper pulp. The fibers, 
softened by the solvent, are then agglomerated by press- 
ure and the mass is transformed into workable blocks by 
a long and complex series of washings and other treat- 
ments. In this. way a substance called ‘“vuleanite”’ is 
made in Germany, with the aid of zine chloride, and “‘cel- 
luline’’ has been obtained, less suecessfully, in France, 
with the aid of caustic soda. 

In the process of Cross and Bevan the paper pulp is 
kneaded for a long time in caustic soda solution, to which 
earbon disulphide is added at a certain stage of the pro- 
cess. The produet, known as “viscose,” is a vitreous 
mass which is soluble in water and which is used for mak- 
ing varnishes, artificial silk and, in sheet form, for various 
purposes. Viscose, though much cheaper and less inflam- 
mable than celluloid, is too brittle to form a universal 
substitute for that substance. 

By kneading cellulose with a mixture of acetie acid and 
acetie anhydride, in presence of a small quantity of sul- 
phurous acid or other catalyzer, are produced the aceto- 
celluloses, which are subsequently freed from excess of 
acid and other impurities by washing in water or benzine. 

Many such products of diverse properties can be ob- 
tained by modifying the process, but until recently the 
cost and difficulty of producing them prevented serious 
competition with celluloid. 

Probably one hundred processes have been patented, 
but the products, though collectively and suceinetly 
named acetocelluloses or acetates of cellulose, are really, 
like all other plastic cellulose products, including cellu- 
loid, compounds of very complex and ill-defined molecu- 
lar structure, and of formation so delicate that (for exam- 
ple) the substitution of thin for thick paper as the raw 
material may seriously injure the value of the product. 
During the last few years acetocellulose has been pro- 
duced in large quantities by the Eastman Kodak Com- 
pany, in America, Bayer and the “A. G. F. A.”” Company 
in Germany, and Pathd Fréres in France. It is used 
chiefly for making non-inflammable motion picture films. 

The prototype of the nitrocellulose plastic materials is 
celluloid, which was first produced in 1870 by the Wyatt 
brothers, American printers, in their search for a sub- 
stance more suitable than gelatine for the composition of 
ink rollers. The method of production has since been 
little changed in principle but has been greagly improved 
in detail. The greater part of this improvement has 
taken place since the manufacture, at first monopolized 
by a few factories and conducted secretly, has become dis- 
tributed among many establishments and conducted 
openly. 


The problems are discussed and articles are published : 


by scientific and technical experts and the day has suv- 
ceeded the night, to the interest of both producers and 
public. The slowness of the progress made by viscose, 
acetocellulose and galalith, the principal rivals of cellu- 


‘Celluloid and Its Substitutes 


loid’is possibly due to the secrecy still observed in their 
production. 

Celluloid is an intricate mixture—sometimes called a 
“solid solution’’—of nitrocellulose and camphor, effected 
in presence of a solvent (aleohol), with the eventual addi- 
tion of toluene, camphor substitutes, fireproofing salts, 
ete. 4 

Each celluloid factory makes its own nitrocellulose 
from thin and very pure paper, or sometimes from raw 
cotton, treated with strong nitrosulphurie acid and then 
washed. The most important improvements have been 
made in this process of nitration, which is chemical and 
therefore can be rationalized, whereas the subsequent 
operations are necessarily empirical. In the best method, 
the nitration is effected in an apparatus, in which the 
operation is accelerated by continuous circulation of the 
liquid and the latter is entirely recuperated, to be used 
again after its initial strength has been restored by adding 
concentrated sulphurie and nitrie acid. The process 
must be regulated with great nicety in order to obtain, 
among the many possible nitrocelluloses, those which are 
best suited for the manufacture of celluloid. 

The washed nitrocellulose is reduced to a soft pulp by 
long trituration in machines similar to paper mills. It is 
then bleached with permanganates or hypochlorites, 
waghed thoroughly and dried by repeated pressings be- 
tween layers of felt in the hydraulic press. 

In the preparation of celluloid 100 parts by weight of 
nitrocellulose and 50 parts of aleohol are kneaded with 50 
parts of camphor, or with about 20 parts of camphor and 
40 parts of toluene. Sometimes the camphor and nitro- 
cellulose are ground together before the aleohol is added. 
A little castor oil is added to the mixture when a very 
flexible celluloid is desired. When the mass has become 
perfectly homogeneous it is rolled into sheets which are 
superposed and subjected to the hydraulic pressure at a 
high temperature. The solid block thus formed is cyt up 
into sheets or plates which are again subjected to heat 
and pressure and for some purposes are polished by’ 
pressing them between hot plates of polished metal. 

Many objects are made from sheet celluloid by eutting, 
sawing, fluting and other operations with machine tools 
similar to those used in working sheet metal. Whenevef 
it is possible, however, advantage is taken of the plas- 
ticity of hot celluloid, and the material is molded, stamped . 
or pressed into the desired form. Thus the petals of arti- 
ficial flowers are stamped from very thin sheets, and the 
stems, as well as other rods and tubes, are formed by 
pressing hot celluloid through the circular or annular ori- 
fice of a sort of huge syringe. 

Celluloid can be colored uniformly by adding suitable 
pigments to the mixture. Marbled celluloid is obtained 
by mixing chips of variously colored specimens and 
cementing them together by heat and pressure. 

The cost of production can be diminished by incor- 
porating with the celluloid such cheap colloi@s as gelatin, 
vasein and maize gluten, but the quality of the product 
is almost always injured by these admixtures. For the 
same purpose the employment of cheap substitutes for 
camphor has often been proposed. Synthetic camphor 
might be an unobjectionable substitute, but it cannot be 
produced more cheaply than natural camphor, now that 
the latter has fallen from the excessive price that so 
greatly stimulated the artificial camphor industry. Ace- 
tanilid, aromatie sulpho-acids, acetates of glycerin, vari- 
ous glycerides and compound ureas, ete., and even 
rosin, have been proposed in numerous patented pro- 
cesses for the production of cheap celluloid. Acetanilid 
is practically the only one of these substitutes in actual 
use, and its employment is very restricted. 

No better suecess has rewarded the numerous attempts 
made to render celluloid non-inflammable by the addi- 
tion of various salts. Small quantities of chlorides, 
phosphates, borates and sulphites of ammonium, alu- 
minium and other metals, when heated, evolve gases 
which theoretically might impede the combustion of cel- 
luloid by surrounding it with a protective envelope. In 
order to preserve the useful properties of celluloid, how- 
ever, the choice of fireproofing salts must be restricted to 
such as are anhydrous and insoluble in water. This re- 
striction makes the problem almost impossible of solu- 
tion, and the attempt to solve it was abandoned when the 
successful production of acetocellulose furnished a ‘plastic 
substance very much less inflammable than celluloid. 

About six thousand tons of celluloid are produced an- ~ 


nually in France, chiefly in the vicinity of Paris and the © 


Jura, the principal places of consumption. Seme of the 
products are sold under faritastie names, for commercial 
and legal reasons, but they are all ordinary celluloid. In 
France, patents on processes and products expire in fif- 
teen years, but perpetual protection is granted to regis- 
‘tered names. The name “‘celluloid”’ is still the exclusive 
property of the Wyatt firm which, however, has relin- 
quished its right thereto. 

Animal colloids, such as gelatin, would seem ideally 


suitable for the preparation of plastic masses, but most of 
the materials thus obtained are very elastic and are em- 
ployed as substitutes for India rubber rather than for 
celluloid. The keratin of horn, hair and other animal 
tissues might be expected to furnish an admirable substi- 
tute for natural horn, but none of the plastic materials 
that have been obtained by the action of caustic soda 
upon animal refuse of this sort seems to have found any 
practical application. 

Much better results have been obtained with casein, 
The first attempts to utilize dairy wastes in this man- 
ner were made in 1890. Casein or curd of milk was 
mixed with borax, pressed to expel adhering water, 
kneaded with zine oxide, tale or kaolin, and finally 
molded into masses which, after desiccation, could be 
worked like celluloid. 

A great improvement was made by employing formol 
(formie aldehyde) in the final stage of the process to 
make the casein insoluble. In this way Spittles obtained 
“galalith,”” which is now produced in large quantities, 
It is now made from commercial casein, finely pulverized 
and freed from mineral matter by dissolving it in’ soda lye 
and precipitating it with acids. The purified casein is 
kneaded with water, which is expelled by pressure, and 
the mass is rendered homogenous by subjecting it to in- 
tense pressure and gentle heat. It is finally immersed in 
a bath of formol. Galalith closely resembles celluloid in 
density, insulating power and other properties, and dif- 
fers little from it in price. It is not quite so casily 
worked as celluloid and cannot be rolled into very thin 
sheets, because of its tendency to split. 

Its great merit is its non-inflammability, which has led 
to its being employed more extensively than any other 
substitute for celluloid. There is a large galalith factory 
near Paris and another near Vienna. 

Interesting experiments in the production of cheap 
substitutes for natural resins have recently been made, 
but the substances thus obtained have neither the proper- 
ties nor the uses of celluloid. The new material which is 
named “bakelite,” from Baekeland, its inventor, comes 
more strictly within our purview. Bakelite is produced 
by the action of formol upon phenols at a high tempera- 
ture, in presence of a basie agent of condensation which 
exerts a purely contact action. By varying the tempera- 
ture and the time of heating it is possible to obtain differ- 
ent products, soft and solid, suitable for the preparation 
of varnishes, textile dressings, artificial silk and pscudo- 
celluloid. 

We have seen that the process of producing celluloid 
was nearly perfect at the beginning and that it has since 
undergone no essential change. The employment of 
nitrocellulose and camphor necessarily introduces two 
serious defects: inflammability and high price. The 
only non-inflammable substitutes that have yet been ob- 
tained are also expensive, fgr the products derived from 
eellulose By more direct and simple methods differ from 
celluloid too greatly to take its place. 

It is to be expected, however, that cheaper plastic ma- 
terials will soon be obtained, probably by simple treat- 
ment of cellulose with appropriate salts. When such ma- 
terials—compact, incombustible, elastic, malleable when 
hot, capable of being welded and dissolved, if necessary, 
and costing no more than wood or wood pulp—shall be 
available, they will evidently find many uses besides 
those for which celluloid is now employed. Furniture, 
doors, window casings, and many other articles will be 
molded of such plastic material, strengthened if necessary, 
by a steel skeleton. Of all modern industries, that of 
organic plastic materials appears the most promising. 


To Nickel- or Silver-plate Iron by Friction.—Iron 
“an be nickeled by first producing on it a thin coating 
of copper by rubbing over it a solution of 20 parts 
sulphate of copper in 100 parts of water and 5 parts 
of sulphuric acid. Then, by means of a rag, rub over 
it a solution of 6 parts nickel, 3 parts tin, and 1 part 
iron in 100 parts of hydrochloric acid and 3 parts of 
sulphuric acid. If finally the object is rubbed ovet 
with a rag dipped in finely pulverized zine, nickel will 
he deposited on the copper. This nickel deposit may 
be thickened by repeating the two last-named opera 
tions. » Silver plating, according to a recent patent, cau 
be effected by dissolving freshly precipitated chloride 
of silver in a solution of hyposulphite of soda (1.100 
parts to J0,000 parts of water), adding to this solution 
180 parts of spirits of sal ammoniae and stirring in 8 
parts of fine-washed chalk. This mixture is rubbed 
until it dries, on the article to be silvered, whereby ® 
brilliant deposit of pure silver is obtained. Real silve? 
and gold foils may likewise be prepared by means of 
the rubbing process, and for this purpose tin foil of 
copper foil is stuck on to strong paper and the foil 
rubbed with a mixture of silver or gold cyanate and 
carbonate of potash. By dissolving the adhesive, the 
powder can be again removed.—Deutsche Drog. Zt: 
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Unconsidered Aspects of Ventilation 


Humidity the Principal Factor to be Considered 


Wirn architects, churchwardens, theatrical managers, 
everyone, in short, who has ¢ontrol in theory or practice 
of public buildings, ventilation is a sore subjeet. To the 
mining engineer, the shipbuilder, the civil engineer, the 
contractor, it is one of very real and great importance. 
[t is not remarkable that much has been written and said 
about it, but it does seem strange that years and years 
of study and effort have left the subject in so unsatisfac- 
tory a condition, and that many problems still remain 
for solution. Examination goes to show that this is the 
result. largely of psychological factors on the one hand, 
and of the operation of theories based on half knowledge 
on the other. Perfect ventilation means open air; and 
the effort of the ventilating man is directed to the pro- 
vision of conditions in the place to be ventilated as nearly 
identical with that prevailing in the open air as may be. 
These conditions ean never be fully attained... How near 
we ean get to them is the question for solution. Many 
people still believe that, leaving bacteria out of consid- 
eration, the enemy to be fought is earbonie acid (COz). 
This is probably due to the fact that CO, is the index of 
purity adopted in the Factory Acts, and so on, Con- 
demning COs is like blaming the barometer for the rain. 
Get rid of COs, say such people, and all will be well; no 
more headaches and fainting fits. But this gas is not a 
poison. If it,were, there would be death in the beer bot- 
tle and the soda syphon. The lungs are never emptied 
of air, and what may be called their stagnant contents 
almost always contain 5 per cent of CQ: dissolved in 
them. These faets ean searcely be reconciled with the 
prevailing theories of ventilation, and research carried 
out by physicists has brought truths to the surface which 
are exceedingly interesting, instructive, and upsetting to 
received theories. Among other things found out is the 
fact that the phenomena of breathing are very far 
indeed from being as simple as is commonly believed. 
The satisfaetion of the desire of the blood for oxygen is, 
indeed, only one factor in the well-being of the body. 

One of the most original, laborious, and successful 
workers in this field of research is Dr. Leonard Hill, > 
Lecturer on Physiology at the London Hospital, well 
known to fame through his oxygen experiments 
on athletes, and perhaps the greatest living au- 
thority on caisson diseases. Some time ago he designed’ ’ 
a very interesting set of experiments to set at rest the 
merits of what may be termed the “vitiation theory,” . 
that is to say, the statement that crowding without 
change of air, as in close rooms, rendered air too foul, 
with CO, in particular, to support life. A room or box, 
8 feet by 5 feet, had eight men put into it, and it was then 
closed up quite air-tight, every seam being caulked up 
with wax. The front was of glass. There were only 200 
fect of air space, and the men had not much room to 
move. Ina very short time the temperature and humid- 
ity rose. The men began to sweat freely. They ceased 
talking, and lassitude overeame them. Here, then, we 
have the usual consequences of the vitiation of the air. 
It cannot any longer support life. Is this true? Now, in 
the roof of the box was placed a fan driven by electricity, 
and having no communication with the air outside. All 
it could do was to stir the “‘vitiated”’ air inside. It could 
in no way purify it. The fan was started, and almost 
immediately the men picked up. The languor disap- 
peared, the flush and sweating vanished, and all symp- 
toms of malaise were relieved. The fan was stopped, 
and the illness returned at onee. A small tube was now 
passed air-tight through the side of the box, and one of 
the men breathed fresh air through it without getting 
any relief whatever. He left the tube in disgust, and an 
outside man taking it breathed the tainted air of the box 
without the least trouble or discomfort of any kind. 
Compare these results with the following well-known 
facts. As we have said above, the stagnant air in the 
lungs normally contains 5 per cent of CO,. The per- 
centage in the air of a badly ventilated, crowded theater 
after a long performance may ‘reach 0.3 or 0.4 of 1 per 
cent. So small a pereentage can hardly embarass the 
audience much. <A very slightly quickened respiration 
will adjust the balance. But if carbonic acid is not re- 
sponsible, and any bacteria that may be present would 
take too long to act, what, then, is the cause of headache, 
fainting, and other attacks which, coming on, are attrib- 
uted to lack of ventilation and foul air? According to 
Mr. Hill, the answer is : a rise in the wet bulb tempera- 
ture. In other words, the establishment of a stagnant 
damp air bath. Round the eight men in the air-tight 
ease a pocket of wet air at 85 degrees establishes itself. 
Evaporation from the skin becomes difficult, and their. 
temperatures rise. The fan is started, and the stirring of 
the air results in a change of the air in contact with the 
skin. Relief is obtained, although the CO, remains un- 
diminished in quantity. An event which occurred long 
ago in Italy may be cited here as bearing on the point. 


* Reproduced from The Engineer. 


SCIENTIFIC AMERICAN SUPPLEMENT No, 1894 


A little boy was gilded all over to typify the birth of the 
“Age of Gold” ina ducal masque. The child died because 
its skin could do ro work. 

Now, how do these investigations concern engineers? 
The answer is not far to seek. There is no tunnel work- 
ing, caisson, or ship, the air in which ever contains a 
poisonous quantity of CO.. Even 2 per cent (an extra- 
ordinary quantity) the lungs could deal with comfortably. 
Ventilating failures are common because machinery is 
based on wrong principles. Take Rotherhithe Tunnel. 
A very costly plant was laid down to pump air into the 
workings. This raised the pressure and the temperature, 
and so inereased the discomfort of the men that they 
stuffed their coats into the inlet pipes. The idea was to 
force out and dilute the COs, a thing which did not matter 
in the least. A few big fans in the workings to keep the 
air in motion would have served a much better purpose 
at a much smaller cost. Various questions are answered 
by Dr. Hill’s researches. We now see why a lady’s fan 
is of use. We know how ceiling fans in ships’ cabins, in 
shops, and a dozen other places are of value, though they 
neither bring in nor force out air; they only stir it up. 
As to the psychology of the matter, Dr. Hill uses a very 
graphic phrase, writing about the House of Commons: 
“The human system becomes bored by the monotonous 
characteristics of the atmosphere. It demands a change 
in the temperature and humidity, even for the worse.” 

So far as knowledge extends, then, it may be taken 
that the first and most important condition is the main- 
tenance of a stated bodily temperature, and the second is 
a humidity varying in degree between curiously narrow 
limits. The more fully these conditions are satisfied the 
more satisfactory will be the ventilation. It must not be 
forgotten, however, that imagination plays a part. Un- 
fortunately, however, little or nothing can be done by 
ventilating apparatus to satisfy the conflicting demands 
of those who want the window open and those who want 
it shut. Not long ago Prof. Theodore Hough, of the 
University of Virginia, read before the American Publie 
Health Association a paper on “The Physiological Aspect 
of Ventilation and the Part Played by Imagination in 
Producing Discomfort in a Stuffy Room,” which indorses 
Dr. Hill’s views in almost every respect. Having de- 
seribed the unfavorable circulatory conditions in the 
body resulting from bad ventilation, Prof. Hough 
goes on: “I.would therefore conclude that the most 
important, if not the sole cause, of the acute effects of 
poor ventilation is the combination of high temperature 
and high humidity which then obtains. It is neither of 
these acting alone, but the two working together which 
introduce into the system the unfavorable cireulatory 
conditions we have described.”” It is not possible in 
ordinary life to separate the problem of ‘‘draughts” from 
ventilation. While their effect is no doubt largely psy- 
chical, it is equally certain that there is a solid basis of 
fact for all that imagination conjures up. Prof. 
Hough writes: “In warm weather the aerial blanket of 
stagnant air must be removed, and the very virtue of not 
creating a draught when cold air is introduced becomes 
the fatal weakness of the ventilating system when we can 
introduce only air of a higher temperature than 70 de- 
grees. The practical problem is an engineering one, but 
the conditions to be satisfied are perfectly clear."’ The 
final conclusion is that ventialtion is not concerned with 
the lungs and the supply of air to them alone, but with 
the skin, and the physiological arrangements provided to 
maintain the temperature constant under varying thermal 
conditions. 


The Practical Use of the Aeroplane in 
Actual Warfare. 

An extremely vivid and picturesque account of his 
experience while piloting a military aeroplane over the 
Turkish army near Tripoli is contained in a private letter 
written by Giuseppe Rossi, an Italian military aviator. 
The letter, which appeared recently in the Ltalian press, 
is not only entertaining but practically instructive from 
the point of view of military science. Rossi took up 
Commandant Montu, as observer, and the two had a 
narrow escape from death, the aeroplane being struck 
three times by the heavy fire with which the enemy pur- 
sued it. 

“Yesterday .morning,”’ writes Rossi, “I took my cap- 
tain up for a flight to the enemy’s camp, about 30 kilo- 
meters distant, to test a new bomb. We went up at 
7 o'clock, and almost.immediately I rose to 600. meters 


height; for about 15 kilometers I followed the coast;’ 


then I turned toward the hostile camp. We heard a few 
shots when we had gone about 2 kilometers in this diree- 
tion, but paid no attention to them. Some 15 kilometers 
further on, when we were passing over the first Arab 
tents, the fire became so heavy that I almost abandonéd 
our scheme. Then I was ashamed of my nervousness, 
took a straight course over the Turkish tents, and gave a 


signal to the Commandant behind me, to get the bomb 
ready. A few hundred meters further I gave the signal 
to drop it, and got the answering signal from my fellow 
officer: the bomb was launched. I immediately bent 
toward the left, in order to observe the effect, if possible. 
Instantly an enormous cloud of dust whirled upward, 
while frightened camels and horses ran madly in all di- 
rections. It was a wonderful sight! The bomb had 
worked. But my first feeling of joy was soon checked by 
the fire from below, which now became so heavy that a 
braver man than I would have been sobered by it. I tried 
to escape the shots by turning farther to the left, but I 
had to give up this course when I saw it brought me 
directly over the main camp. I turned to the other side 
and just then I felt a ball strike the aeroplane. I tried to 
rise higher, but couldn’t do it. Then, as b made a quick 
decision and glided over the left wing of the camp, I 
heard the Commandant’s voice behind me crying that he 
was hit. I tried to turn a bit sidewise on my seat in order 
to see him, but the motor gave me no time. It suddenly 
stopped. Involuntarily I started gliding, but the next 
moment the motor began to fire again. 

“When I had regained the few meters the stopping of 
the motor had cost us, I saw that two other balls had hit 
the machine. The motor no longer worked as well as at 
the beginning; every half minute there were suspicious 
noises. The wind began to grow stronger, too, and in 
order to get home I had to drive against it. Meanwhile 
the accursed Arabs didn’t stop their fire a moment. Not 
a very nice prospect, that! Beneath us 2,000 Arabs and 
more, engaged in a shooting match with us for the target. 
And I, hovering above them, blown hither and thither by 
the wind, had a motor which was no longer reliable, and 
had the‘fear, besides, that the Commandant behind me 
was mortally wounded, and, unable to control his ae- 
tions, might cause us to fall by a wrong movement. 

“Then I was anxious lest a ball should strike the gaso- 
line tank or a vital part of the machine. Every instant 
I looked for the end. I gazed into the distance to try to 
make out our fort, lately built about 7 kilometers from 
Tobruk, but the fog hindered my sight. We still had 25 
kilometers to go. Happily I saw now that my Command- 
ant could not be very seriously wounded. At last the 
firing grew fainter, but I must have made a big circuit 
outside my course, for straight ahead I saw a hostile 
patrol. And since my badly working motor would no 
longer let me stay at a height of 600 meters (2,000 feet), 
they would certainly have hit me 

“At 5 minutes before 8 I landed shecessfully in our 
lines. Thank God the Commandant’s wound is not dan- 
gerous. The penetrating power of the ball was weakened 
by its striking the metal seat-board, but it caused a 
pretty bad contusion that will take a couple of weeks to 
heal. Two balls pierced the propeller, and I can’t under- 
stand why they didn’t shatter it.” 

This practical experience indieates that for military 
service all vulnerable parts of an aeroplane, and especi- 
ally the gasolene-tank and seats for the men, should have 
some sort of protective armor. By using a metal pro- 
peller all danger of this important organ being splintered 
would be done away with. Now that a number of aero- 
plane guns have made their appearance, it may be neces- 
sary to armor much more than the lower part of the 
machine. 


Developing Autochrome Plates in Red Light 


One of the disadvantages of the autochrome process 
for color photography is the great sensitiveness of the 
plate, which makes it necessary to develop either in com- 
plete darkness or in an extremely subdued light of a suit- 
able color. Waread in Cosmos that Mr. F. Dillaye has 
worked out a process which makes it possible to develop 
autochrome plates in bright red light. For this purpose 
the chromatic sensibility of the plate must first be de- 
stroyed. This is effected by immersing the plate in the 
following solution, in as nearly as possible complete dark- 
ness: Water 100 cubic centimeters, 10 per cent potas- 
sium bromide solution 10 cubic centimeters, commercial 
sodium bisulphite 2 cubic centimeters. 

The developing tray is covered with a piece of card- 
board. After two minutes the plate is withdrawn and 
washed in running water, after which it is developed, 
preferably with the Lumiére metoquinone bath. During 
development the progress of the operation can be watched 
without hesitation by means of red light; in fact, the 
plate can be brought right up against the glass of the lan- 
tern. Development should be stopped when the plate 
/appears translucent, both in the deep shadows and in the 
high lights. It should, in fact, appear almost obliterated. 
The plate is then washed and treated with acid perman- 
ganate. It is a good precaution, after the permanganate 
bath, to wash the plate in the sulphite bath indicated 
‘above, but without the potassium bromide. The remain- 
ing operations, are performed as usual. 
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Hebrew Measures from Rock-hewn Chambers on Mount Zion, Jerusalem. 


Hebrew Weights and Measures 


The Larger Vessels Above Are Each One-tenth of the Smaller Nearby. 


Ancient Measuring Vessels Found on Reputed Site of the House of Caiaphas 


Tue question of weights and measures used by the 
Hebrews in Bible times is in some points still obscure, 
especially as to those of capacity. Several treatises 
have been written on the subject at different periods, 
but to try to arrive at any solution by comparing the 
evaluations proposed by the many Bible commentators, 
would certainly only lead to despair; in fact, it is almost 
impossible to attain to any certain result with only 
the knowledge obtained through books. We read in 
the Bible of the contributions to the temple consisting 
of 5,000 talents, of gold and 10,000 talents of silver; 
or of so many homers or ephahs of wheat, or any other 
cereal, and we wonder what the equivalents of all these 
would be in our modern weights and measures. But 
how are we to know unless we have some material 
standard of that time which alone could confirm or annul 
the theories and give an intelligent and comprehensive 
idea of the weights and measures used at that time? 

Recent discoveries on Mount Zion, in Jerusalem, 
afford this desideratum, at least, for the measures of 
capacity used at Jerusalem in Gospel times. Some 
twenty years ago excavations were begun here by 
the Assumptionists on or very near the site of the 
House of Caiaphas. They came across an old stone 
vase, which they kept, thinking it might turn out to 
be something of interest. On resuming this work a 
couple of years ago, other such vases were found of 
different capacities, which proved to be multiples of 
each other, and to form a series. Evidently the Jews 
had different sets of measures before and after the 
Captivity (B. C. 606). Of the two, those just spoken 
of seem to tally best with the latter, which follows a 
table in close accordance with our metrie system. 

Before going any further it is interesting to consult 
the Bible indications on the subject. The liquid measures 
of capacity named in the Bible are: The log, the cab, 
the hin and the bath; the homer also comes under 
this list occasionally, though more often used as a 
dry measure. In course of excavating all these standard 
measures, coming under the liquid list, which the 
Bible speaks of, were found, besides a whole set of 
standard dry measures, of which several are the same 
as those for liquids, and still others of which we will 
speak later. The following is a list of the standard 
measures found belonging to this series, i.e., the liquid 
measures, giving their relative capacities: 


4logs = 1 cab 
3ecabs = 1 hin 
2hins = 1 seah 
3 seahs = 1 bath or ephah (dry measure) 


10 baths = 1 homer. 
With the exception of the seah these all come under 
the list of liquid measures. At the same time, many 
of these vessels were used for both liquid and dry 


measures. The following is a list of the dry measurcs 
and their relative capacities: 

4 logs = leab 

7 2/10 logs = 1 gomer 

6 cabs = 1 seah 

3 seahs = 1 ephah 

10 ephahs = 1 bomer 


That the ephah of the dry measure and the bath 
of the liquid are equal is indicated with precision in a 
passage of Ezekiel (45:10 and 11), which says, “The 
ephah and the bath shall be of one measure, that the 
bath may contain the tenth part of an homer, and 
the ephah the tenth part of an homer, the measure 
thereof shall be after the homer.” 

The volume of the bath or ephah is equal to the 
volume of water weighing one new talent. This is 


By Harold J. Shepstone 


just half the weight of the old talent used before the 
Captivity in the time of Solomon. This standard 
ancient talent is now to be seen in the museum of the 
Chureh of Saint Anne, from which a good idea can 
be formed. An interesting account of King Sennache- 
rib’s campaigns, written in cuneiform on a stele, now 
in the British Museum, London, throws a sidelight 
on this talent. Sennacherib here has it inscribed tliat 
Hezekiah, king of Judah, gave him, as a peace offer- 
ing, 30 talents of gold and 800 talents of silver, precious 
stones and ivory, etc., whereas the Bible passage reads 
“300 talents of silver.’”’ This contradiction seemed at 
first as though by way of boasting on the part of Sen- 
nacherib, who simply said 800 for 300, but later it was 
found that the Assyrian talent was proportionately 
smaller than the Jewish, which reconciled the. two 
conflicting statements. This goes to prove the genuine- 
ness of the standard talent now at Saint Anne’s museum. 
Thus this series represents the bath according to the 
new measure with its subdivisions. Other fragments 
were found; these, however, were too broken up to 
be reconstructed. 

A very interesting discovery made here was a Hebrew 
inscription on the lintel of a door, which was badly 
mutilated, but which indicated clearly the word “‘cor- 
ban,” i.e., a depot of legal offerings, and as these gifts 
were often made in kind, the presence of legal measures 
seems most natural. 

An old mill was also found cut out of the solid rock, 
forming a chamber about three meters in diameter. 
The working apparatus was composed of two rude 
pieces of basalt, one piece conical in shape, fixed firm, 
and one biconcave piece which fitted over it and was 
made to revolve around it, sometimes being turned 
by two women, or, if larger, as in this case, by a donkey. 

Adjoining the mill was another chamber cut out 
of the solid rock, which seems to have been used as a 


silo, or for the storing of wheat. In this was found 
a curious set of vessels, which at a glance might be 
taken as drinking-troughs for chickens, such as are 
often seen in the villages to-day, but the progression 
of their capacity dispelled this idea, and on closer 
examination they proved to be a series of divisions 
and multiples of the gomer. Their crude and ruined 
condition hardly inspired confidence at first, but when 
cleaned and classified, they were identified as a com- 
plete set of fractions and multiples of the gomer (3% 
liters), as follows: 


1/6 of a gomer 1 2/3 of a gomer 


1/3 of a gomer 2 gomers 

1/2 of a gomer 3 gomers = 1 seah 
2/3 of a gomer 4 gomers 

1 gomer 5 gomers = 1/2 ephah 
1 1/3 of a gomer 8 gomers 


1 1/2 of a gomer 

The majority of these were found in the little chamber 
next to the mill, the rest in its immediate vicinity. 

It was not at all surprising to find in and about this 
mill those instruments necessary for measuring wheat 
and flour. The place of discovery being so near the 
reputed House of Caiaphas, in fact, thought to be 
the very site, lends color to the idea of offerings being 
brought here, for which these measures would be needed. 
The date of all this is confirmed by coins found on the 
level. 

A little distance north of the mill another cavity, 
which was at first taken for an abandoned cistern, 
was found, out of which a series of pots, lamps and 
other earthen vessels were brought to light, dating 
back to the Herodian period. Here was also evidence 
of a more delicate set of vases, of which only two were 
restored, but one of these presents a special interest. 
It contains only 1/10 of the cab, which would be, approxi- 
mately, equal to a little over 1/10 part of a liter. This 


Scene of the Excavations Where the Hebrew Measures Were Found. 
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little vase seems to have been destined to levy the 
tithes of the smaller commodities. In course of time 
the whole set of these tenth parts of the larger measures 
were found, a tenth being just the fraction required 
as an offering to the High Priest. A pottery vase was 
found in the same place containing exactly one log. 
Here was evidence of a series of domestic utensils. 
This cavity gives therefore the impression, not as 
having been dug for a cistern, but for an underground 
dwelling. It has several openings in the ceiling of 
which one is very large like that of the silo, and in the 
southern partition a cut has been made which com- 
municates with the outside. This could never have 
been made for retaining water, as the sides and bottom 
are coated with ordinary mortar instead of cement. 
This, therefore, was not a cistern, but an underground 
dwelling. 
Agrippa, and of the revolt under Nero. 

The mill already spoken of does not appear to have 
been an installation of a miller, but of a private home. 
Every house had very likely, as they so often do to-day, 


Here were coins, of the time of Herod 
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its own mill and oven. Very near here were found frag- 
ments of very rich marble and alabaster dishes. Here 
are several other rock-hewn chambers besides those 
already mentioned, the workmanship of which is posi- 
tively Jewish. Every indication suggests that these 
were nothing but underground habitations, such as were 
in and about Jerusalem before its destruction by Titus, 
or even before the time of Christ. 

A few meters west of the mill, under a layer of ashes 
and broken tiles, is a small chamber cut partly in the 
rock, in which were remains of some very large pottery 
jars, one of which has been partly reconstructed. This 
has been calculated to hold about 180 liters, which 
would almost be equal to the large measure of which 
the bath was the tenth part. This was evidently baked 
in the open air, as is still the custom of doing with jars 
of large dimensions in Ramallah and elsewhere. This 
is done by building fires around them, thus firing parts 
at a time. Indications of uneven baking, as a result 
of this method were noticed on the jar. Fragments of 
good-sized urns made of stone were picked up, the 
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general shape of which seems to have been quite elegant, 
having a touch of Grecian art, destined probably for 
the legal purifications, so numerous with the Jews, 
particularly before meals. 

The study of these measures of capacity, and the 
place where they have been found is certainly of pro- 
found interest. In addition to the mill and all the 
chambers spoken of before, there were still two others 
which were once covered with vaults of which one is 
still intact. Considering the variety of vases, the 
luxury of the tableware of marble and alabaster, etc., 
we are made to conclude that this was a rich Jewish 
installation of evangelical times. Beside the scientific 
interest presented by the discovery of these standard 
measures, these excavations raise a corner of the shroud 
of ruins under which lies Jerusalem of the first century 
with all its associations. If the destruction of Jerusalem 
in the year 70 A. D. was complete, it is of the deepest 
interest to find these remains preserved over or very 
near the place where the House of Caiaphas stood, 
and, later, the Church of Peter’s Repentance. 


ChilKkat Ceremonial Canoe 


A Realistic Exhibit at the Museum of Natural History 


Tue great ceremonial scene, with its life-size and fan- 
tastically costumed Indian figures which was recently 
installed in the center of the North Pacific Hall of the 
Museum of Natural History, New York, presents an 
impressive and realistic glimpse of the elaborate customs 
that once characterized the aboriginal life of the Indians 
of the North West coast of America. The great canoe is 
noteworthy in itself, being one of the largest ever brought 
into civilization, 64 feet long and 8 feet wide. It is of the 
Haida type, the most important and sea worthy of all 
canoes of the coast, and was made many years ago on the 
Skeena River near Port Essington on the Alaskan Coast. 
Among the various groups of the seafaring Indians of the 
North Pacific Coast these canoes represent one of the 
most valuable personal assets. The Indians travel great 
distances and have traded their canoes from tribe to 
tribe. The Haida canoes are especially noteworthy, and 
those formerly made for warfare would hold as many as 
40 or 50 persons. Some of these canoes are more than 60 
feet long, with prows and sterns extending higher than a 
tall man’s head. The Chilkat Indians, a division of the 
Tlingit tribe, own many Haida canoes, exchanging their 
Chilkat blankets for them. Decoration of the canoes 
with carved and painted animal figures characteristic of 
this general region is common, especially among the 
Haida. The prow of the Ceremonial canoe here shown 
has the carved figure of the “Killer Whale,” a mythical 
ancestor of the people. Canoes are attentively cared for 
as valuable property. Paths are cleared in the rocks on 
the beach, and sometimes skidways are formed of cross 
poles so that the boats may be drawn up without injury. 
The long and spacious canoe has been selected by the 
museum staff to form the central feature of a vivid exhi- 
bition, accurate both from an artistic and ethnological 
standpoint, designed to represent the great Ceremonial 
and gift-distributing feast known as the “Potlatch.” 
This remarkable celebration was one of the distinctive 
features of the primitive life, and its practice was most 


By Walter L. Beasley 


widespread along the North Pacific coast. It has now 
ceased to exist in all its ancient form and splendor of cere- 
monial dress. The new generation of natives of to-day, 
owing to the rapid advances of civilization, the establish- 
ment of missions and Schools, and the chance to earn 
money by work in the Canneries, and other occupations, 
have abandoned their old life, customs and dress. From 
the various Jesup expeditions and by purchase from indi- 
vidual explorers, the museum has come into possession 
of an extensive and representative collection of rich and 
valuable ceremonial costumes as worn in the early days 
by the Northwest coast tribes on the occasion of this fes- 
tival. Among these is the wonderful ‘‘Chilkat Blanket,” 
a marvel of primitive weaving, most beautiful in coloring, 
technique and design. The huge canoe, with its crew of 
slave polemen and paddlers, and the group of chiefs, the 
gaily ornamented chieftainess, musical performers, and 
masked dancers, afford an ideal opportunity to record 
pictorially the use and manner of wearing the Chilkat 
Blanket and other ceremonial robes, masks, etc., on the 
occasion of a grand Potlatch. It represents a Chilkat 
chief and his followers in ceremonial dress in the war 
canoe just before landing to attend this important feast. 
In early days the Chilkats had many slaves who paddled 
the war canoes besides performing all work for their 
masters. They were not permitted to take part in the 
ceremonies and these unfortunates were often sacrificed 
upon the occasion of the Potlatch. The main object of 
the Potlatch was to elevate, by the exchange of gifts and 
presents, the social standing of the Host in the good will 
of the community and to advance him in rank both in his 
own and other villages. The Potlatch was also a method 
of acquiring influence in the tribe, and in some cases, of 
attaining even to the Chieftaincy. The more frequently 


and liberally an individual distributed property, the more 
important he became in the eyes of his tribe. The social 
organization of the Chilkat consists of a number of clans 
- or totemic families grouped under two exogamous phra- 


tries which intermarry and supplement each other upon 
all occasions of ceremony. In the building of a new 
dwelling, the erection of a heraldic column (totem pole), 
and the cremation of the dead, ete., the work was invari- 
ably performed by those of the opposite party. The Pot- 
latch was given in payment as a reward for these services. 
Besides being purely a social function, there was also 
associated a religious fervor in the worship of ancestry 
and the communion with the dead, the latter being 
thought to be ever present though invisible. With each 
gift offered there was called the name of one departed 
who thus received honor in proportion to the gift. Prep- 
arations for the Potlatch would occupy, in some instances, 
a number of years in the accumulation of the material to 
be given away, and the invitations were delivered months 
or even a year in advance of the event. The one or more 
tribes or village clans, who had been invited, living at a 
distance, made their preparation long before the time of 
the actual ceremony. The canoes are repainted and 
decorated, dancing paraphernalia are unpacked and gone 
over, a sufficient food supply for the journey is put aside, 
and a programme of dances and songs with which to 
honor the host is arranged. At the proper time the house- 
holds embark together in the largest canoes under the 
direct supervision of their chief. They travel and camp 
together and practice their dances and songs en route. 
When they near their destination, the men and women 
put on their ceremonial costumes and take their places in 
the stern of the canoes which now follow each other in 
file. When arriving at the village of their host the canoes 
form in line abreast and slowly range themselves up 
along the shore, the occupants singing and dancing to the 

ecompaniment of the drum and rattle. When nearing 
the beach those paddling hold water, the bow and stern 
men get out the poles and the line of boats is kept in posi- 
tion, while speeches and songs are continued through sev- 
eral hours. The Chief and Master of Ceremonies by 
shaking his head-dress fills the air with white down, as an 


® Ceremonial Dress; the Original Dress 
is Seen on the Left. 


Plastic Madel, Showing the 
Chief’s Costume as It Ap- 
pears from the Back. 


The Chilkat Chief as 
Master of Cere- 
monies. 


Seulptor Siguord Neandross at Work on the Plastic 


{Model of the Chilkat Chief. The Original Blanket 
is Seen on the Left. 
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Chilkat Ceremonial Canoe, Sixty-four Feet Long. 


emblem of friendship and peace to the Host. At the 
signal to land, the canoes are backed around stern first 
and beached, the occupants wade into the water to greet 
their friends and carry the party’s belongings to the 
dwelling of the Host or the great Ceremonial House. On 
the assembling of the guests, the Host, arrayed in his 
festiveattire, presides over the function and distributes 
the gifts in the nature of reward for services rendered. 
Speeches are made praising the liberality, riches and high 
rank of the Host. The affair lasts several days, being 
accompanied by singing, dancing and feasting. In these 
great giving ceremonies individuals and families would 
gladly impoverish themselves that the dead might be 
honored, the emblem of the clan exalted, and their social 
standing and influence increased in the community. 
Probably the most important and artistic feature of the 
Ceremonial Canoe Scene is the novel technical method 
employed. A new plastic process has been developed to a 
most successful degree whereby the largest ceremonial 
robes, every article of dress, personal ornaments, musical 
instruments, masks, ete., can be faithfully reproduced in 
durable material and preserved life-like in coloring. The 
results thus obtained are most remarkably realistic, and 
represent the highest development in the technique of 
museum exhibition of folk-scenes. It is essential to en- 
close in glass cases the large number of rare Ceremonial 
garments, masks, furs used in the group, many of which 
are extremely valuable from a scientific standpoint and 
impossible to duplicate, since otherwise they would from 
a few years exposure in the open, become practically 
ruined. The interesting technical work of making the 
life size casts and imitating the garments by plastic work 
has been carried out by Sigurd Neandross, an American 
sculptor of Norwegian parentage, whose sculpture is on 
exhibition in America and Europe. In his studio in the 
Department of Preparation Mr. Neandross outlined to 
the writer for the pages of the Scientiric AMERICAN the 
plan of making casts of the Indian figures in action and 
reproducing the garments in a plastic fashion. In the 
figure work, as the earlier and ordinary manner of cast 
taking was found not entirely satisfactory, a new process 
has been developed so that perfect life casts can be made. 
A simple brush method is employed to first cover the 
model with a coat of wax, preliminary to the application 
of the plaster. This makes the process less disagreeable 


for the model than in making the old style plaster mold. 
It is also possible to make larger casts in this manner than 
by the old method, such as the full head and shoulders in 
a portrait bust, even half the body, or, the whole if the 
pose permits. One principal gain in casts taken from 
molds in which the paraffin process is used is the advantage 
of accuracy of form, for in the old method the weight of 
the plaster compresses and distorts all the softer parts of 
the body. The threads used to cut the mold being first 
laid over the model in the usual way, warm paraffin 
heated in a double boiler is painted over the model with a 
soft brush. The work is started at the lowest parts; each 
stroke of the brush leaves a film which immediately 
becomes hard; the painting or splashing of the paraffin 
is continued until about one-fourth of an inch is laid over 
the model. <A coat of this thickness will resist any pres- 
sure from the plaster which is now applied over the paraf- 
fin in such thiekness as to insure the safe handling of the 
mold. Before the plaster becomes entirely hard the 
threads are drawn to cut the mold into manageable parts 
as in making the ordinary “piece mold.”” In the matter 
of dressing the figures it was soon found that plaster 
alone was too brittle and that for clothing or objects of 
regalia each specimen must have a different treatment. 
Woven cloth and skins are copied in burlap or earacas 
cloth, which, dipped in a warm solution of glue, is hung 
upon the plaster figure and allowed to stiffen, after 
adjustment in a natural arrangement of folds, corre- 
sponding to pose and action. This garment can then be 
eovered with a mixture of plaster and glue, and almost 
any texture imitated by applying the sticky composi- 
tion with a modeling tool, or brush. The substance 
adheres to the fibers of the cloth, becomes tough and 
quite hard, and is then adapted to take a coat of varnish 
and color. It is remarkably well fitted for this work, as it 
ean be kept in plastic condition for three or four days. 
As to the color-work on both garments and figures, it has 
proved better to put on a priming color in a higher key 
than nature, after which a thin wash of shellac over the 
thoroughly dried color forms a backing for a stippling of 
transparent colors to accentuate the desired effect, elim- 
inating opaque colors in this finishing work. Finally the 
oily finish of the new paint is removed and a life-like tex- 
ture given to the surface by rubbing over lightly with 
pumice stone and turpentine. One of the most pictur- 


Chilkat Ceremonial House, Where the Potlatch is Held, 


esque and skillful examples of the plastic-made clothing 
is that of the gorgeously attired figure of the Chilkat 
chief, in the stern of the canoe, the Master of Ceremonies, 
He is shown wearing the celebrated ceremonial Chilkat 
Blanket, of several colors and full of fantastic animal 
designs, and holding a rattle in his hand. A conspicuous 
feature of his outfit being the elaborate head-dress. This 
consists of a cylindrical wooden frame about ten inches 
high, with an elaborately carved front of hard wood, 
beautifully polished, painted, and inlaid with shell and 
copper. Pendent over his back is a long trail of white 
ermine skins closely sewn on a long cloth, which forms an 
important item in the chief’s attire. Around the upper 
part of the head-dress is a high fringe of seal-whiskers. 
The space within this fringe and the top of the head- 
dress is filled with eagle, or other bird’s down, which falls 
like snow on the motion of the chief's head, floating in 
the air about the dancers and adding much to the pietur- 
esqueness to the scene. This costume is completed by 
apron and leggins of deer’s hide, ornamented with the 
beaks of puffins, which rattle with the movements of the 
wearer. The wonderful ceremonial blanket was worn by 
the Indians of rank and wealth on the Northwest coast, 
and was called ‘““Chilkat Blanket,” because the best spee- 
mens were made in the Chilkat country, as this tribe was 
the most expert in weaving them. The warp is composed 
of twisted twine of cedar bark fiber, and the woof of 
worsted spun from the wool of the Mountain Goat. 
Black, yellow, and bluish-green are the colors used, these 
are skillfully wrought into a pattern representing the 
totemic animal of the owner. All the parts of the emble 
matie animal are represented, though the members have 
been separated from their fellows and so distorted in 
order to meet the demands of the pattern that they are 
recognizable only to an expert. In times past, with the 
accumulation of property, almost every household po* 
sessed one or more of these blankets, which were in the 
keeping of the head of the family and were carefully pr 
served with the other totemie emblems in great cedat 
chests. The art of weaving these remarkable blankets 

has been almost entirely lost and they are fast disappea™ 

ing from the Chilkat Indians. Being considered the 

most precious article in the wardrobe of the chief in life, 

it was placed in front of his sepulchre after death, as4 

token of honor to his memory. 


The Gif Laboratory for Radio-Active Examinations 


An Institute Designed Especially for Technical Work. 


Tue science of radioactivity, though barely sixteen 
years old, has attained a remarkable development and 
has exerted a profound influence in many fields of pure 
and applied science, enriching chemistry and physics 
with new substances and with new methods of research 
that have increased our knowledge of the constitution 
of matter and the nature of electricity, aiding in the solu- 
tion of various geological, meteorological and biological 
problems, and giving the physician new agents for the 
cure of disease. 

We now know more than thirty radioactive elements, 
distributed among five groups; the uranium, thorium, 
radium and actinium families and the group of very 
feebly radioactive elements, such as potassium and rubi- 


dium. Uranium, thorium, mesothorium, radium, actin- 
ium, ionium, radium D and polonium are found in cer- 
tain minerals, and the four first named elements are 
exploited commercially. 

There are excellent schools and laboratories for research 
in radioactivity, but these institutions are for scientific 
workers, well schooled in mathematics, physics and chem- 
istry, and they cannot undertake to test specimens or 
apparatus for physicians, factories or mining prospect- 
ors. 

The want indicated above has been supplied, in France, 
by the creation of a laboratory which undertakes td 
make accurate tests of ores, products and apparatus, to 
give rapid and practical instruction in the knowledge and 


use of radioactive substances and apparatus, to 
tribute generally to the development of the theory and 
the practical applications of radioactivity, and to mail 
tain a complete reference library. The following dest? 
tion of this novel institution is condensed from an artieé 
recently contributed by its director, M. Jacques Daal 
to Le Génie Civil. 

The “Laboratoire d’essais des substances réit 
actives” is situated at Gif, 16 miles from Paris, #9 
from the disturbing influences of traffic, and oceup 
five detached buildings. The main building conte® 
the testing rooms, research laboratories and colleetio®™ 
and is flanked by a terrace adapted for tests of mete” 
logical apparatus and observations of atmospheri¢ ele 


cou 
7 
two 
test 
dey 
radi 
tion 
for 
and 
in 
to 
mea 
writ 


Open 
know] 
three 
eal, ea 

Era 
active 
active 
radiun 
from 
into ur 
tain ne 
absolu: 
thoriur 
Ceylon 
Cent of 


7 250 SCIENTIFIC AMERICAN SUPPLEMENT No, 1894 Apri. 20, 1919 
pu 
wi 
rat 
It 
an 
the 
cul 
‘ ma 
ore 
ph 
2 me 
jou 
tha 
sup 
rad 
abc 
| 
expe 
this 
part, 
Tl 
\ 
; 
/ 


Held. 


le clothing 
1e Chilkat 
ere monies, 
ial Chilkat 
tic animal 
onspicuous 
ress. This 
ten inches 
ard wood, 
1 shell and 
il of white 
h forms an 
the upper 
]-whiskers. 
the head- 
which falls 
floating in 
the pietur- 
npleted by 
d with the 
ents of the 
as worn by 
west coast, 
best speci 
is tribe was 
composed 
he woof of 
tain Coat. 
used, these 
enting the 
the emble 
mbers have 
listorted in 
at they are 
t, with the 
sehold poe 
were in the 
refully pr 
preat cedat 
le blankets 
disappear 
sidered. the 
ehief in life, 
death, as4 


ns 


us, to cor 
theory and 
nd to mail 
ing desert 
m an artic 
yues 


nees 
aris, awa) 
nd 
ng contallé 
collection 
of meteor 
spheri¢ 


Apri, 20, 1912 


tricity and radioactivity. Experiments with strongly 
radioactive substances are conducted in a second build- 
ing, about 700 feet distant from the main laboratory, 
from which all such substances are carefully excluded. 
The third building is occupied by workshops, forges, 
engines, dynamos and storage batteries, the fourth by the 
library and the fifth by offices and drafting rooms. 
Current of any desired voltage is furnished by a large 
battery of accumulators, charged by dynamos which also 


Fig. 1.—Portable} Klectroscope for Testing Radioactive 
Minerals. 


supply light and power for all machinery, including the 
pumps by which an elevated water tank, communicating 
with all of the buildings, is kept filled. 

The laboratory is well equipped for the making of 
radioactive measurements and researches of every sort. 
It possesses a large collection of radioactive substances 
and one of standards and standardized instruments for 
the measurement of radioactivity, electromotive force, 
current strength, resistance, capacity and intensity of 
magnetic field. There are also collections of radioactive 
ores and minerals, radioactive manufactured products, 
phosphorescent substances, and instruments for the 
measurement and practical application of radioactivity. 

The books, pamphlets and separate impressions of 
journal articles in the library comprise nearly everything 
that has been published on radioactivity. These are 
supplemented by numerous works on chemistry, physies, 
radiation, ionization, atmospheric electricity, ete., and 
about 250 periodicals and bulletins of societies of all 
countries. 

The staff comprises the director, a general manager, 
several department managers, a secretary and librarian, 
two mechanies and a number of laboratory helpers. The 
testing laboratory proper is divided into four scetions, 
devoted respectively to the examination of ordinary 
radioactive substances, the examination and standardiza- 
tion of strongly radioactive preparations and apparatus 
for the application of radioactivity, to the qualitative 
and quantitative determination of radioactive substances 
in mineral waters, the mud of springs, earth and air, and 
to the examination and standardization of apparatus for 
measuring radioactivity. The results are embodied in a 
written statement which describes the conditions of the 
experiment and the method employed. An abstract of 
this statement is given, as a certificate, to the interested 
party. 

The laboratories for research and practical work are 


Fig. 2.—Apparatus for Detecting Emanations. 


open to all who wish to pursue researches or acquire a 
knowledge of radioactivity. The work is divided into 
three sections, mineralogical, physio-chemical and medi- 
eal, each of which appeals to a different class of workers. 

Examination of radioactive minerals.—Although radio- 
active matter is very widely different, the strongly radio- 
active elements radium, mesothorium, ionium, actinium, 
radium D and polonium can be extracted economically 
from only a few minerals, which may be divided roughly 
into uranium ores, thorium ores, and minerals which con- 
fain neither uranium nor thorium. This division is not 
absolute, for many uranium ores sometimes contain 
thorium also. A striking example is thorianite from 
Ceylon which contains 65 per cent of thorium and 15 per 
ent of uranium. Pitchblende, the chief ore of uranium, 
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very often contains thorium. More than 150 minerals 
contain uranium or thorium, but only ten are sufficiently 
rich and abundant to be worked with profit. 

All minerals containing uranium also contain radium, 
and the proportion between the two elements is nearly 
constant for the same type of mineral. In five minerals 
that are industrially treated the quantities of radium 
found associated with 100,000,000 parts of uranium are 
about 36 parts in thorianite from Ceylon, 32 parts in 
pitchblende from St. Joachimsthal, 23 parts in carnotite 
from Colorado, 26 parts in antunite from Tonkin and 18 
parts in chalcolite fom Saxony. It should be added that 
the quantity of uranium varies greatly in different speci- 
mens. 

The radioactive elements mesothorium and _ radio- 
thorium are extracted from thorium-bearing minerals, 
such as monazite sand. In Germany, where mesothorium 
has been especially studied, it is obtained from residues 
produced in the preparation of thorium for incandescent 
gas mantles. 

Radium is occasionally found in various minerals 
which contain no uranium. Its presence here may be ex- 
plained by deposition from water containing radium dis- 
solved from neighboring uranium-bearing rocks. Such 
minerals have been found in France, Austria, Russia and 
Sweden. 

The question of finding radioactive minerals is of fun- 
damental importance, for the practical applications of 
radioactivity cannot develop unless extensive deposits of 
uranium or thorium ores are discovered. Many uranium 
deposits have been found by diligent prospectors within 
the past few years, but few of them have been extensively 
worked, owing to difficulties of extraction, transport and 
treatment. The pitchblende beds of St. Joachimsthal are 
still the most important source of radium, because of the 
richness and abundance of the ore and the ease with 
which it ean be worked. 

A systematic search would probably lead to the dis- 
covery of other deposits of radioactive minerals, which 
may sometimes be recognized by their external appear- 
ance. Autunite is golden-yellow in color and often occurs 
in crystalline flakes; chaleolite is green; carnotite is 
yellow; pitchblende and thorianite are black and are 
easily recognized by their great density. In most cases, 


t 
Fig. 3.—Apparatus for Identifying Short-lived 
Kmanations. 


however, a test of radioactivity is required. This may 
be made with the photographie plate or, preferably, with 
an electroscope of the type illustrated in Fig. 1. The 
mineral is pulverized and spread on the plate P of the 
electroscope A which is electrified by means of a rubbed 
amber rod. The plate P is then covered with the cap B 
and the rate of discharge, indicated by the speed with 
which the diverging gold-leaf f returns to the vertical 
position, is noted and compared with the rate of discharge 
produced by covering the p° te P with uranium oxide. 
A portable apparatus of th. sort should be carried by 
every prospector. 

The commercial value of a mineral which has thus been 
found to possess radioactivity depends upon its richness 
in uranium, thorium, radium and other radioactive or 
rare elements, and upon various other factors, including 
the facility with which it can be worked. 

It is necessary therefore, to make a complete chemical 
analysis of the mineral, and also to determine the dis- 
tribution of radioactive substances among the products 
obtained by chemical methods of separation. Simple 
measurement of the radioactivity of each produce is in- 
sufficient; the radioactive examination should comprise 
a series of qualitative and quantitative tests devised to 
identify and estimate each radioactive element. These 
tests include determinations of the nature of the radi- 
ation, the “reach” or penetrating power of the Alpha 
rays, and the presence and rate of decay of emanations 
and radioactive deposits. Each radioactive element 
possesses individual characters which are revealed by 
these tests. 

Radium, mesothorium and actinium emit gascous 
emanations whose radioactive powers decay at very 
different rates, falling to half their initial values in 3.85 
days, 53 seconds and 3.9 seconds, respectively. The 
kind of emanation present in any radioactive substance 
may be determined by means of the apparatus shown in 
Fig. 2. Gas which has passed over or through the sub- 
stance is introduced into the chamber A. The presence 
of emanation is immediately revealed by an increase in 
the rate of fall of the gold leaf electrosecope B, the stem 
of which extends downward into A. The rate of fall of 
the gold-leaf measures the radioactivity of the emanation 
confined in A and the character of the emanation can be 
deduced from a series of such measurements, made at 
measured intervals of time. This method suffices to 
identify radium emanation, but it is much too slow for 
the very short-lived emanations of actinium and thorium 
(or mesothorium), for which the apparatus shown in Fig. 
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3% is employed. A continuous streain of gas is caused to 
flow, with a measured velocity, over the radioactive sub- 
stance and through a long tube A, which incloses a series 
of axial electrodes c, attached to transverse rods a, which 
pass through insulating amber plugs b in the wall of the 
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Fig. 4..—-Apparatus for Estimating Radium. 


tube. The radioactivity of the gas at each electrode is 
measured by connecting that electrode with an electro- 
meter, and from the rate at which this radioactivity 
diminishes from electrode to electrode, combined with 
the known velocity of the stream of gas, it is easy to 
deduce the time-variation of radioactivity, and conse- 
quently to identify the emanation and its mother ele- 
ment. 

Some radioactive elements are marked by simple and 
easily recognized characters. Polonium and ionium 
emit no emanation, and their radiations consist entirely 
of Alpha rays whose “reach” in air is 3.86 centimeters 
for polonium and 2.8 centimeters for ionium, 

Examination of commercial products and apparatus.— 
The principal commercial radioactive products are salts 
of radium and of mesothorium which, sealed in glass, 
quartz or metal tubes, or mixed with other substances, 
are employed in connection with appropriate apparatus 
for various medical purposes. The examination of such 
a preparation or apparatus should include determinations 
of the total effective radiation and the radium or meso- 
thorium content. 

The quantitative determination of radium is prefer- 
ably made by the “piezo-electric quartz method,” but it 
ean also be effeeted by means of the apparatus shown in 
Fig. 4, which M. Danne has devised especially for the use 
of persons unfamiliar with radioactive measurements. 
A copper box A, containing a small electroscope t, is cov- 
ered by a thick plate of lead C, having a cavity B in 
which the radium tube or appliance Ra is placed. The 
Alpha and Beta rays are stopped by the lead plate but 
the Gamma rays traverse the plate and, by ionizing the 
air in A, discharge the electrosecope more or less rapidly, 
according to their intensity. The rate of fall of the gold- 
leaf is proportional to the total quantity of radium. In 
order to standardize the instrument without employing 
a costly specimen of pure radium salt, a little uranium 
oxide is placed in a recess U in the bottom of the box and 
covered with a lead plate, which can be withdrawn by 
pulling the rod 7. The uncovered uranium oxide pro- 
duces, at ordinary temperature and pressure an ioniza- 
tion equal to that produced by the Gamma radiation 
from a known quantity of radium. The quantity of 
mesothorium ean be determined in a similar manner, in 
the absence of radium, but the relative proportions of the 
two elements, when mixed, cannot be found by this 
method. 


P 


'T 
Fig. 5.—lIonium Collector. 


Interesting applications have been found for some 
other radioactive elements. Ionium and polonium are 
used in the eonstruction of the collectors or potential 
equalizers employed in measurements of atmospheric 
electricity. An ionium collector (Fig. 5) consists essen- 
tially of a metal plate b to which a coating of an ionium 
preparation p is attached by means of an enamel varnish. 
The ionization produced by the preparation quickly 
brings the plate to the potential of the surrounding air, 
and this potential is measured by connecting an electro- 
meter with the insulated metal rod 7', to which the plate 
is attached. These collectors, if well constructed, are 
very practical and may advantageously be substituted 
for the old flame and water-dropping devices, 

This is only one out of a great variety of uses to 
which radioactive substances are adapted. 
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Seale of feet 


Starting to Fly. The Dotted Line Indicates the Path of Wing Tip. The Foot Impulse is Simultaneous With That of the Wing. 


Observations on the Flight of the Herring Gull 


As a pupil in a primary class of legerdemain must gain 
his first knowledge of slight-of-hand by observing the 
movements of the master trickster, slowly performed, so 
also in a study of the birds’ slight-of-hand, the pupil may 
wisely turn to the most deliberate examples from which 
to acquire a truthful understanding of its nature. 

The flight of the herring gull is not swift, but it has 
the desirable qualities of economy and endurance which 
make it worth analyzing. 

The gull as a sea-scavenger requires no wing modifica- 
tion to detract from the one purpose for which it exists, 
viz., to fly and to keep flying under all conditions. 

In his equipment for flight he is well provided, having 
an average spread of 45 inches and breadth at the second- 
aries of 7 inches, and a common weight to area propor- 
tion of 1144 pounds to the square foot of under surface of 
the wings. 

In his usual gait in calm air or in light winds the gull 
does not utilize his full wing area capacity, but with 
markedly bent wings works his passage with an effort that 
varies from 135 to 155 wing beats per minute. 

The zig-zag attitude just mentioned (see Fig. 4, B. & 
C.) is strongly in evidence in the two extreme exigencies 
to which these birds are subjected. 

In the first place, when the bird is depending on his own 
strength to fly, as in a calm, the reduced length and sur- 
face of the wing conserves the strength of the bird and 
makes for endurance. In the second place, in heavy winds 
it renders the wing more manageable; it reduces an un- 
necessary area of surface, while the angularity of its 
presentation to the current reduces resistance and im- 
proves penetration over that of a fairly transverse atti- 
tude. 

It is when the wind brisks up to 10 or 15 miles per hour 
that the gull finds matters to his liking. He travels 
faster, patrols more thoroughly, remains longer in the air, 
or even indulges in soaring. It is in this latter capacity 
that the wings are noticeably extended and the primaries 
expanded. 

It is for the function of soaring no doubt that the wings 
are of generotis aspect and amplitude. Perhaps the best 
proof of economy in this method of flight is the evident 
pleasure that these birds take in it. 

It may be, as often happens, that after a monotonous 
period of patrolling, in which continuous wing beating 
was necessary, a brisk wind springs up. It is then gen- 
erally noticeable that numbers of gulls leave off the search 
for food and allow themselves to rise skyward, often to an 
altitude that must approach a thousand feet. As they 
often spend considerable time in these evolutions, wheel- 
ing in great spirals and holding together like a cumulus 
cloud, it may be reasonably supposed that they enjoy the 
sensation of climbing with so little effort. 

Beyond a velocity of 20 miles an hour the wind affords 
no additional help to the gull. It is noticeab’e in high 
winds that more effort is being expended in maintaining 
equilibrium than in the moderate winds, when indeed the 
birds have no trouble in this matter. 

Nevertheless, on the numerous occasions when the 
writer has witnessed the behavior of these birds in strong 
winds, no accident has ever been detected, such as a fail- 
ure to secure a plainly visible scrap of food, a rude plunge 
into the water, or a collision with anything. It does not 
in fact appear that they ever need repair to shelter from a 
storm. 

Gulls are of course too small and light to be perfect 
soarers. Their wings cannot bridge any but the smallest 
eddies of the air current, nor does their inertia bear a suf- 
ficiently high ratio to the factors of friction, displacement, 
or the inertia of the atmosphere itself. But, though gulls 
must be classed as self-propellers in that they depend 


A Nature Study in Aviation 


By James E. Fraser 


upon their own muscular wing strokes to fly, the same old 
paradox of the true soaring bird is here in slightly differ- 
ent form. The gull’s capacity for covering distance is be- 
tween 12 and 14 miles per hour when unassisted by wind. 


Notice the Wrist Movement and the 1... ui Ascent of 
the Wing Tip, Which Gives Rise to the 
Illusion of Rowing. 


As he never makes better time than this in calm air, it is 
reasonable to suppose that he eannot. 

According to our airmen’s ideas of flight, this would 
signify that when confronted with a breeze having a vel- 
ocity equaling his own rate of traveling, the bird would 
be unable to make headway against it. That is how it 
works with an aeroplane; but such a rule has literally no 


A is we Position for Soaring in Moderate Winds; B, 
the Wing Attitude When Flying in a Calm; C the 
Penetrative Attitude When Flying Against 
Heavy Winds. 


application to the bird. The strongest wind in which the 
writer has had an opportunity to closely watch its effect 
upon these birds, was a gale that at times reached a vel- 
ocity of 62 miles per hour, according to the record of a 
government. meteorological station close by; moreover, 
the wind was mixed with rain. This was not sufficient to 
deter them from patrolling as usual or prevent their wrang- 
ling over some floating bit of food. In other words, a 
wind probably five times swifter than one they could 


create for themselves, did not blow them away or stop 
them from proceeding against it. 

Quite frequently gulls will sail straight into the wind’s 
eye, if the breeze be moderate, by simply coasting at a 
low angle, then suddenly, by presenting a larger angle to 
the current, be rapidly wafted upward, almost vertically 
and without recession. The coasting phase is then re- 
peated. 

From the above notes it is clear that the economy of 
effort, so necessary to the life habits of the gull, hinges 
primarily on the frictionless quality of form and surface 
that is presented to the air current. 

Perhaps this point may be emphasized by comparison 
with another sea scavenger—the most perfect soarer of 
all birds—the albatross. 

The gull has approximately 3 square feet of surface 
and the albatross 134 square feet. The mass of a body 
increases as the cube of the diameter, while the surface 
only as the square. The advantage this gives the larger 
bird is that whereas the gull has only the inertia of ma- 
terial to the weight of 13 ounces to the square foot of sur- 
face with which to combat the clinging tendency of the 
air, and its resistance to displacement, the albatross has 
19 ounces to the square foot. Putting it differently, sup- 
pose the anti-frictional refinement of the two birds to be 
equal, the wind has but 13/19 the power to retard the 
progress of the albatross that it has to hinder the gull. 
This but roughly approximates the truth but is sufficient 
especially as a correct rendering of values is as yet impos- 
sible. 

There are however other features that differentiate the 
gulls from the true soarers. The wing length of the gull 
but little exceeds the length of the body (in flying atti- 
tude) but it is sufficiently long to tax the bird’s endurance 
when the weather is calm and his own muscular effort 
needed to keep them in constant motion. 

The wing of the albatross is nearly double the length of 
his body, while the average width of the wings is but 
slightly greater than that of the gull. As might be ex- 
pected, the albatross does little flapping at any time. 

The difference in the proportions of these two birds 
signifies a proportional efficiency in obtaining deflective 
support from the wind. 

When wings are comparatively flat, like those of the 
two birds under comparison, that portion of their area 
having the greatest reflective efficiency is contiguous to 
the forward edge. 

The current that has transferred its energy to the wing 
and has been deflected downward, may be termed spent 
current and is henceforth not only useless but obstructive 
through its power to neutralize the reflective force of the 
sub-layers of the current that otherwise would reflect 
from the lower and rearward portion of a wider wing (seé 
diagram V). 

The albatross cuts a wide swath, for he has no occasion 
to economize space and disdains to deal with any of the 
second and third grades of supporiive deflection that 
birds of wider wing pattern are required to use. 

As an instance of the marvelous efficiency of this spe 
cialized bird, the following is worthy of credence. Over 
a sea that shows no indications of wind he will follow 4 
steamship steaming 12 knots an hour. Poised over the 
steamer’s quarter without visible movement to his wings, 
he will remain there for hours with no imaginable sup 
port but the force of the uprush of air displaced by the 
progress of the ship. 

The routine of wing movements when a gull is flying it 
ealm air is not difficult to follow with the eye, nor to 
quick for an ordinary camera to record. 

In diagram II, plotted to scale, is illustrated the path 
of wing movement in a gull in full flight. It will be see 
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Movement at Full Speed. The Difference Between A and B., Though Apparently Insignificant, Embodies the Essential Principle of Bird Flight. 


that there is no rowing movement—that as a matter of 
fact there can be none of any effect, for the simple reason 
that the velocity of the bird several times exceeds that of 
any movement he communicates to his wing. 

Rowing would imply that the bird would utilize the 
horizontal thrust of impact for forward propulsion— 
something not only unnecessary but a proceeding that 
would be prohibitive of all flight. 

Flying is purely a deflective process in which the im- 
pulse is squeezed from the air by the cycloidally arcuate 
sweep of the descending wing reinforced by the weight 
and inertia of the bird. 

When a flying gull is viewed from directly above or 
beneath, there certainly appears to be some rowing move- 
ment; but familiarity with the process shows that there 
really is not, but that the illusion simply amounts to the 
following: At the end of the stroke the primary feathers 
are partly closed in fan fashion. The movement is largely 
accomplished by a bending of the wrist joint, which would 
lead an observer to believe that the action was intended 
to funetion as a paddle, which is impossible as stated. 
The arm or secondary portion of the wing is the first to 
be raised; then, at the last moment before descent, the 
primary portion is spread. What it really signifies is that 
the bird removes considerable surface from frictional 
contact with the wind during the idle period. It also 
relieves all tension on the wing and permits it to trail- 
ingly assume a position neutral to the air current at the 
same time. 

In the swallow this method is most fully demonstrated. 

Diagram I should still more impress the reader as to 
the utter lack of direct reactive thrust in a bird’s method 
of progression. It represents the gull’s start to fly off the 
water. At this period, if at any time, the bird might be 
expected to row in getting up the requisite speed. Birds 
almost invariably have some auxiliary means of assist- 
ance to supplement their grasp of the air with the wings 
at the start. Ducks, geese, divers, ete., do actually row 
with their wings when taking themselves off, but it is 
against the water that their energy is directed, and they 
change their method at once when they have risen suffi- 
ciently to dispense with its support. 

A gull kicks backward with both web feet to start him 
ahead and continues a series of vigorous kicks until he has 
cleared the water. Each kick synchronizes with a down 
stroke of the wings and must be of great assistance. 

He does not, however, strike the water with his wings. 
They are not rugged enough for that sort of usage, but 
note that he does not assume a rowing motion wherein 
the wing is brought ineclinably downward and rearward, 
but decidedly the reverse, viz., downward and forward. 

Thrusting the wings forward in starting to fly or in 
climbing a grade is not confined to gulls but is a general 
principle in flight. The advantages gained by it are: 

1. A greater are of wing movement than the proximity 
of the water surface, or other material support, would 
otherwise allow. 

2. A continual supportive resistance during the down 
stroke, due to the rapid cutting of the wing into undis- 
turbed air before the general forward movement of the 
bird has sufficient velocity to fulfil the same purpose. 

3. A slight forward thrust, the result of re-action of the 
air and the inertia of the wing itself when that member is 
raised with a backward sweep in what is regarded as the 
idle stroke. 

4. The separation of the centers of gravity and of air 
pressure, the former rearward and the latter forward, re- 
sulting in a climbing tendency. 

As for valuable hints that a study of the birds may 
suggest, perhaps the most worthy of practical applica- 
tion is the elimination of aerial friction. Provided with a 


good model having a properly lubricated surface, the 
aviator is prepared to fly and not without. This means 
that the driver, passenger and all impedimenta should be 
strictly subject to the rule: Streamline contours for every- 
thing. It is espeeially difficult for us to realize that this 
is an important requirement, but experience will compel 
us to accept and live up to it. 

The importance of correct streamlines in the model is 
that local pockets of rarification, with their attendant 
drag, are prevented; but the proper polish or lubrication 
of surface means more than that, for by this alone can the 
bird or machine take the benefit of the energy conveyed 
by the angle of reflection. Whatever imperfection in 
shape or nature of surface prevents it from cleanly repell- 
ing the air current, means just so much useful power de- 
stroyed and mischievous force accepted. 


P is a Rigid and Smooth Plane. a, b, and c are Force 
Lines of an Air Current Which, Though Equal to Each 
Other, Do Not Affect the Plane P Equally, for the 
Obvious Reason That the Lower Lines Cannot Reach 
the Plane Surface to Obtain the Benefit of Its Decisive 
Line of Cleavage. The Spent and Deflected Current of 
a Interferes With and Tends to Neutralize the Effect of 
bandc. The Vacuum at d Also Adds to the Effeet of a. 


Another suggestion of importance is that birds do not 
simply swim in the air—they fly—which is a very differ- 
ent thing. A steamship, a fish and a dirigible balloon are 
swimmers. To them all are horizontal-thrust propellers 
quite well adapted. In none of them is gravity called 
into play or affected by the means of propulsion. But in 
true aerial flight gravity is of great importance. In fact, 
the bird exchanges nearly all his effort for gravitational 
force before the operative cycle of flight is fulfilled. 

Large aerial propellers are known to be the most effec- 
tive. The bird has operated on that principle since the 
beginning and utilizes the largest size possible when he 
includes and combines his sustaining planes and propeller 
in one and the same function. But the advantage does 
not stop there. 7 

The bird being almost exempt from longitudinal fric- 
tion (under the critical velocity for which the species was 
designed) he is thenceforth free to confine his effort 
towards resisting the pull of gravity. This resistance 
must of course somewhat more than counterbalance his 
actual weight, not only as a lifting impulse, similar to the 
springing leap of a running animal, but also some addi- 
tional expenditure to offset the partial collapse of the 
aerial support. 

Yet with the existence of several sources of loss abso- 
lutely certain, there still remains the result equally cer- 
tain: That it is the most economical method of travel 
extant. It could not be so highly effective without in 
itself constituting a proof that the proportion of horizon- 
tal impulse in a flying bird is very small and mostly ac- 
countable to the coasting inducement of gravity. 


It is a general principle in mechanics that a moderate 
velocity of parts, when it can produce the same useful 
result as mechanism moving at a much higher velocity, 
makes for safety, durability and economy in either the 
animated or the purely mechanical machine. 

In Diagram IT it may be seen that by one stroke of the 
wings the gult propels himself a distance of 8 feet, with 
an are of wing movement of about 72 degrees and the 
displacement of about 1,000 cubie inches of air for the 
purpose of sustentation and propulsion during the rela- 
tively deliberate time of one-fifth of a second. 

Another suggestion is that the degree of perfection 
with which any bird is equipped for flight is after all only 
a matter of compromise. In this way it transpires that 
the flight of the gull is slow, yet it answers the purpose. 
The flight of the pigeon is swift under normal conditions, 
but against a wind of sixty miles per hour this strong 
flyer is unable to proceed, while the gull still continues 
his journeyings with but little apparent discomfort in 
the same wind. 

In time the flying machine will be able to soar across 
the ocean without the aid of an engine, but it will not be 
the class of machine that will carry the overland mail. 
There will be structural differences beside those simply 
incidental to proportional size and each machine will be 
designed for its special purpose. 

Naturally it will go against the grain of the existing 
aerial engineer to receive the suggestion that the sup- 
porting planes should be the propellers and that the 
rotary fan is actually superfluous. More than likely he 
will retort that a locomotive does not have to jump on 
four legs to get over the ground, like a horse. Neither 
does a steamship wig-wag its tail, as a fish, or paddle like 
a duck to cross the ocean in quick time; and by the same 
line of reasoning, neither will, or can, the flying machine 
properly depend on flapping wings for its impulse. He 
will advance his proof by pointing out that the flying 
machine has already outdone, in speed at least, the 
swiftest bird that ever flew. But leave that gentleman 
to his prejudices for the present: he will follow in the 
reformation later. 

Because the helical propeller, for mechanical reasons, 
is compelled to be of diminutive size and consequently 
to move at a dangerously high velocity, it is wrong. 

Because it necessitates the aeroplane being dragged 
along the earth preliminary to flying, it is wrong. 

Because of the intensity of the draft it direets upon 
other parts of the machine, causing a large proportion of 
power to be uselessly absorbed, it is wrong. 

Because it is auxiliary, having no supportive qualities 
in itself, it is wrong. 

Because it is obstructive when not in revolution, it is 
wrong. 

Because it is impotent against a strong wind, it is 
wrong. 

Because it is required to constantly drag the machine 
upgrade (the adverse angle of the planes), it is wrong. 

In short, for the reason that its use is an attempt to 
make a swimming operation of flight, it is improperly 
applied. 

No suggestion has, however, herein been made that a 
flying machine should be propelled by flapping wings. 
By all means apply the rotary principle to their move- 
ment, but not necessarily in the manner and form of a 
helicopter. 

See to it, as well, that the wings not only function as a 


_ bird’s, but outdo them, in that the machine will arise 


from the earth without leaping, rushing, or semi-wrecking 
itself before it starts to fly. 

Improve on the natural wing-stroke by making it 
double, so that there shall be no interruption of impulse. 


Acetyl Cellulose for Moving Picture Films 

A nuner of inquiries have been received from our 
teaders regarding the manufacture of uninflammable 
Moving picture films made from acetyl cellulose. The 
Eastman Kodak Company has given a full explanation 
of the present situation in a note published in . the 
Journal of Industrial Chemistry, the substance of which 
's reproduced here. The company explains: 

“While it is a fact that those of our customers who 


had been using cellulose acetate film exclusively for 
nearly two years have returned to the use of the cellulose 
nitrate stock, we have not ‘abandoned the manu- 
facture of these films,’ for we are still filling occasional 
orders for the acetate film and are prepared to manu- 
facture on a large scale should a majority of our cus- 
tomers decide to return to the use of this film exclusively. 
The reason that the manufacture was discontinued was 
not because the acetyl films were inferior in lasting 


qualities or the general trade objected to their use. 
It is true that the acetyl-cellulose film which was manu- 
factured for several months after this product was 
introduced was inferior in wearing quality to the nitro- 
cellulose film. But improvements in the process were 
made which resulted in a product that was in practical 
use substantially as durable as the nitrate film. At 
the time our customers gave up its use, and for a year 
previous, we were not getting complaints of a lack of 
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wearing quality. So far as the product was concerned, 
we feel sure that our trade would have continued its 
use indefinitely. Having brought the acetate base to 
this point, we do not feel that there would have been 
any technically retrograde step if we had stopped its 
manufacture altogether. The regret is that cellulose 
acetate, even when manufactured in very large quan- 
tities, can not be made at a cost which would make it 
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possible to sell the film at the same price as the nitro- 
cellulose film. An advance of nearly 15 per cent did 
not more than cover the extra cost of manufacture. 
The film went out of general use because the trade 
found that it had not displaced the nitrate film. The 
two were used together at the theatres. The safe- 
guards with which municipalities and insurance com- 
panies surrounded the use of the inflammable film were 
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still required, and the fact that no serious accidents 
oceurred during the two years that the two films were 
used together in the theatres, shows that the protectiys 
devices and regulations were adequate. Therefore, 
film manufacturers using acetyl film could see po 
reason why they should bear the burden of a ray 
material of a higher cost than that used by their 
competitors, and returned to the use of nitrocellulose,” 


LinKs With the Past in the Plant World 


Unpver the heading “Links with the Past,’ several 
letters were published in The Times rather more than 
a year ago in which the writers gave instances of human 
longevity, showing how in certain cases a chain of 
a very few individuals suffices to connect the present 
with a comparatively remote past. One writer, for 
example, said that his grandmother, who died about 
forty years ago, used to boast that her grandfather was 
twelve years old when Charles I. was beheaded. Strik- 
ing as such instances are when applied to man, on the 
other hand they serve to illustrate the relative insig- 
nificance of the length of time represented by human 
lives as contrasted with the duration of many forest 
trees. It is probably not an exaggeration to say that 
a single oak tree may form a link between the present 
day and the Norman Conquest; a very short series 
of ancestors suffices to carry us back to the days when 
the progress of the Roman invaders was seriously im- 
peded by dense forests, which have long since dis- 
appeared, and farther back to the age of Neolithic man, 
whose flint implements are oecasionally met with in 
the submerged forests round our coasts. 

It would be interesting, if time permitted and my 
knowledge were adequate, to consider some of our 
forest trees from the point of view of their past history. 
The great majority of existing woods in Britain are 
the result of cultivation, and do not come within’ our 
purview in dealing with links with a remote past. More- 
over, many of our familiar British trees, such as the 
common elm, the lime, the chestnuts, and others, have 
no claim to be classed as native, but were introduced 
in Roman or post-Roman days. In a few places in 
Inverness-shire and Perthshire patches of primeval 
forest survive; one of them is represented by the group 
of Seots pines growing in the Black Wood of Rannoch, 
in northwest Perthshire. Excavations in the Scotch 
peat-moors have revealed a succession of forests and 
wet moorland; in some places, e. g., in the Outer 
Hebrides, these buried forests occur in districts which 
are now almost treeless. As shown in sections recently 
published by Dr. Lewis, a cutting through 20 or 30 
feet of Highland peat gives us an epitome of the chang- 
ing physical and climatic conditions from the close 
of the Glacial period to the present day. The remains 
of Arctic willows, the crowberry (Empetrum nigrum), and 
other northern species immediately above the glacial 
deposits testify to the influence of the Ice age. The 
Arctic plants are succeeded by vegetation indicative 
of a milder climate; layers of bog-moss and stumps 
of pines point to an alternation of forests and wet 
moorland. 

The spruce fir, one of our best known trees, affords 
an example of a species which was once a native, but 
is no longer found in a wild state. The cone of the 
spruce fir has been found in the deposits on the Norfolk 
and Suffolk coast which were formed shortly before 
the Glacial period. The plants of this _pre-glacial 
flora indicate a temperate climate, but the nearer 
approach of more severe conditions is shown by the 
Aretic willow and dwarf birch which have been found 
in beds next above those containing the spruce fir. 

The occurrence of the Glacial period is a fact of 
primary importance in relation to the antiquity of the 
present flora of this country. We know that Britain 
in comparatively recent times, speaking geologically, 
was in very much the same condition as Greenland 
is to-day. Over nearly the whole of Scotland, Ireland, 
Wales, and England, with the exception of a narrow 
strip in the south, there is clear evidence of ice action 
on a large scale and of the presence of ice-sheets and 
local glaciers. Under these Arctic conditions it ean 
hardly be doubted that only a very small proportion 
of the vegetation could survive. Opinions differ as 
to the extent to which the Ice age proved fatal to the 
pre-glacial flora, but it is perhaps not too much to 
say that the present flora, as a whole, is of post-glacial 
date. The vegetation which grew in this part of Europe 
before the Glacial period reached its maximum must 
have been in great measure destroyed or driven south 
beyond the British area. The important point is that 
what we call our native flowering plants may safely 
be described in general terms as immigrants from other 
lands, aided, it may be, by land-connections across 

* Evening discourse delivered before the British Association at 
Portsmouth, England, published in Nature. 
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the North Sea and English Channel. 

Special interest attaches to a few plants which oceur 
in the west and south of Lreland, and to a less extent 
in Cornwall and elsewhere in the southwest of England. 
In Connemara in the west of Ireland, where hard frosts 
are unknown and winter snows rare, there are three 
kinds of heath, St. Dabeoe’s heath (Dabeocia polifolia), 
the Mediterranean heath (rica mediterranea), and 
Erica Mackaii, which are not found elsewhere in the 
British Isles or in the whole of northern Europe, but 
reappear in the Pyrenees. The London pride (Sazifraga 
umbrosa), another Pyrenean species, grows on the 
south and west coasts of Ireland from Waterford to 
Donegal. Arbutus Unedo (the strawberry tree), seat- 
tered through the Killarney woods, has a wide distribu- 
tion in the Mediterranean region, its nearest continental 
station being in the southwest of France. 

The presence of this small group of Mediterranean 
and Lusitanian plants in Ireland has long been a puzzle 
to naturalists. A few years ago I came across a solution 
to the problem of these southern plants in Ireland in a 
collection of stories entitled “A Child’s Book of 
Saints.””. An Irish monk, Bresal, was sent to teach the 
brethren in a Spanish monastery the music of Irish 
choirs. In later years he longed for a sight of his native 
land, to which he at length returned; his thoughts re- 
verted to Spain, and he saw once more the little white 
flowers of the Saxifrage and the strawberry tree from 
which he had gathered the orange-scarlet berries. With 
heavenly vision the prior of the Spanish monastery, 
seeing Bresal gazing at the flowers of Spain, commanded 
them to go and make real his dream. Thus, to gladden 
the heart of the monk, were these southern plants miracu- 
lously introduced into Ireland. 

One view is that Arbutus and its companions are 
entitled to be regarded as a very old section of the 
British flora, survivals from a time, the so-called Tertiary 
period, when the climate was much milder than it is 
to-day. It is believed by some authorities that these 
plants migrated. from Portugal to Lreland long before 
the Glacial period, and by means of a land-bridge, 
which afterwards sank below the waters of the Atlantic 
Ocean. This explanation is open to criticism; even 
granting the former existence of a land-connection, 
it is difficult to believe that the strawberry tree, which 
is restricted to one of the warmest districts in the 
British Isles, could have survived the rigors of the 
Glacial period. Moreover, as Mr. Clement Reid asks, 
why do we not also find in Ireland, Portugal laurels 
and oaks, which are hardier than Arbutus? An alter- 
native view is that Arbutus and its compatriots came 
to Ireland after the Glacial period, not by migration 
overland, but by natural means of dispersal, which 
would be favored by the small size of their seeds as 
contrasted with the larger seeds of oaks and other 
southern plants, which never reached our shores. 

The possibilities of plant dispersal by natural agencies 
have recently received a striking demonstration in the 
recolonization of the island of Krakatau, in the Sunda 
Straits. In 1883 Krakatau, then covered with a dense 
tropical vegetation, was partially destroyed by a series 
of exceptionally violent volcanic explosions. It is 
believed that no vestige of life remained. In 1906, 
twenty-three years after the sterilization of the island, 
137 species of plants were collected, and the vegetation 
was in places so dense that a party of botanists pene- 
trated with the greatest difficulty beyond the coastal 
belt. Some of the trees had reached a height of 
50 feet. The nearest islands, except the small island 
of Sebesi, about twelve miles distant, are Java and 
Sumatra, separated from Krakatau by a stretch of 
water twenty-five miles in breadth. This new flora, 
introduced by ocean currents, by wind, and by the agency 
of birds, affords a useful object-lesson in regard to 
the efficiency of plant-dispersal without the aid of 
land-connections. 

Before passing to the consideration of questions 
necessitating frequent reference to different periods 
of geological history, it is essential to direct attention 
to the sequence of chapters as revealed by the earth’s 
crust. It is from the scanty records of plant life pre- 
served in the sedimentary deposits of former ages that 
we obtain such evidence as we have in regard to the 
relative antiquity of different types. The crust of the 
earth, as Darwin wrote, “with its imbedded remains, 
must not be looked at as a well-filled museum, but as 


a poor collection made at hazard and at rare interval;' 

The oldest rocks, largely composed of gneisses ang 
other products of igneous action, throw no light on the 
nature of the organisms which existed in the earliest 
epochs of the earth’s history. The complex structure 
of the oldest known animals and plants compels us to 
believe that they are the descendants of simpler forms 
of much greater antiquity. As the Cambridge professor 
of modern history has aptly said, “All the epochs of 
the Past are only a few of the front carriages, and prob- 
ably the least wonderful, in the van of an interminable 
procession.” The foundation-stones of the carth’s 
erust have been so much folded and altered in the 
eourse of geological time that it is no wonder they have 
been searched in vain for records of primitive life. Pass. 
ing higher up the series through the vast thickness 
of Cambrian, Ordovician, and Silurian strata, it is 
in the Devonian rocks of Ireland and elsewhere that we 
first discover the records of Palwozoic floras, and these 
bear a fairly close resemblance to the still richer floras 
of the succeeding Carboniferous epoch. 

Turning, now, to the top of the geological series, 
the submerged forests round our coasts and the tree 
stumps buried in peat form connecting links between 
existing plants and those of a prehistoric age. A littl 
further down oecur the Boulder Clay and other legagies 
from the Glacial period, and below these are the frag- 
mentary relics of a pre-glacial vegetation. Further 
down the plants become less familiar and show a closer 
agreement with those of subtropical and tropical coun- 
tries than with the recent vegetation of Britain. From 
the London Clay, a marine deposit, which underlies 
London and Portsmouth, and is exposed in the Isle 
of Wight, the Isle of Sheppey, and in other places, 
fossil seeds and fruits have been found practically 
identical with those of existing tropical species. One 
of the London Clay fruits may be mentioned as an 
especially interesting sample of the early Tertiary flora, 
namely, the genus Nipadites, so called because of 
the very close resemblance it| bears to the fruits of 
the common tropical plant Nipa. Nipa  fruticans, 
often described as a stemless palm, grows in the braekish 
estuaries of many tropical countries. The occurrenet 
of fossil fruits of this type in Tertiary beds in England, 
Belgium and France affords a striking instance of 
changes in the distribution of an ancient plant now 
restricted to warmer regions. 

Below the Tertiary rocks we descend to the Chalk 
period, when a clear and comparatively deep sea covered 
the areas now occupied by chalk downs and cliffs 
“During the Chalk period,” as Huxley wrote, “not 
one of the present great physical features of the globe 
was in existence. Our great mountain ranges, Pyrenees, 
Alps, Himalayas, Andes, have all been upheaved since 
the Chalk was deposited.” Below the Chalk in th 
Weald district. of Kent and Sussex a rich Wealden 
flora has been discovered in sediments laid down i 
a shallow lake which occupied the south of England 
and extended across what is now the English Channel 
The Wealden plant-beds have as yet furnished no satis 
factory specimen of a flowering plant. It is one of 
the most interesting facts in the history of the vegetable 
kingdom that the highest class of plants which no# 
overspreads almost the whole world did not come into 
prominence until after the close of the Wealden period 
When, in the course of evolution, the flowering plant 
became a competitor in the struggle for existence, ! 
spread with amazing rapidity. 

The sandstones and shales in the Yorkshire ifs 
and slightly older rocks on the Dorsetshire coast have 
supplied data which enable us to reconstruct in some 
measure the vegetation of that stage in the earth’ 
history known as the Jurassie period. Below the 
Jurassic strata in some parts of the world, as in the 
south of Sweden, Germany, and elsewhere, from rocks 
of Rhetie age numerous fossil plants have been ob 
tained. Descending further, the «plant records from 
strata belonging to the early days of the Triassi¢ period 
afford evidence of changes in the nature of the vege 
tion, which become more pronounced in the still oldet 
Permian and Carboniferous floras. It is, howeves 
not my intention to deal with the vegetation of the 
coal forests and other Paleozoic floras; they are ml 
posed of plants for the most part much less closely related 
to: existing types than those which I have selected 
as examples of links with the past, 
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Probably the human race made its entrance on to 
the world’s stage at some time during the Tertiary 
period; but in Britain abundant evidence of man’s 
presence is not met with until after the Glacial period. 
An additional illustration of the enormous antiquity 
of some of the plants to be described later is furnished 
by the absence of flowering plants in the rich floras 
below, or even including, those of Wealden age. 

The widely distributed class of ferns supplies some 
notable instances of links with the past. It is not 
infrequently the case that plants which are now charac- 
terized by a restricted geographical range have a wide 
range in time, and, conversely, plants which are now 
more or less cosmopolitan may be of comparatively 
recent origin. Antiquity and restricted distribution 
often go together. The bracken fern, which we are 
apt to regard as essentially British, occurs also in 
Tasmania, in the Malay Peninsula, in British East 
Africa, in the Himalayas, and in many other countries; 
it is one of the most cosmopolitan of all living ferns. 
It would seem probable that this injurious species is 
one of the more modern members of its class. On 
the other hand, the family to which the royal fern 
(Osmunda regalis) belongs, though widely spread at 
the present day, has been traced into the Pakeozoic 
era. The reeent researches of Dr. Kidston and Prof. 
Iwynne Vaughan have demonstrated the existence 
in the Permian flora of Russia of ferns exhibiting a close 
relationship to existing members of the Osmunda 
family. A section which was cut from a petrified fern 
stem of Permian age shows remarkable resemblance 
to a stem of Osmunda. Some of the commonest fern 
leaves in the Jurassie rocks of Yorkshire and in many 
other parts of the world, both north and south of the 
equator, may be referred with a considerable degree 
of certainty to the Osmunda family, the relationship 
being indieated, not by mere external resemblance, 
but by the strueture of the spore-capsules, and in a 
few cases by the oeeurrence of petrified stems. It is 
by no means improbable that the royal fern and other 
existing members of the family are entitled to the 
distinction of an ancestry which extends farther back 
into geological time than that of any other section 
of living ferns. 

The next example of an old type of fern is one which 
is widely spread in the warmer regions of both the 
Old and New World. Gleichenia may, as a rule, be 
easily recognized by the regular forked branching of 
the fronds, as also by the structure of its spore-capsules 
and by the anatomy of its stem. Fragments of fronds 
hardly distinguishable from those of some surviving 
species have been found in Upper Jurassie rocks on 
the Sutherland coast and in Wealden strata on the 
Continent. In roeks of Wealden age near Brussels, 
pieces of stems have been discovered by Prof. Bommer 
sufficiently well preserved to be submitted to micro- 
scopic examination, and showing anatomical features 
exactly like those of the living species. The oceur- 
rence of numerous Gleichenia fronds in sedimentary 
rocks of Lower Cretaceous age near the edge of the 
Greenland ice sheet on Diseo Island, in latitude 70 
degrees north, points to climatie conditions very dif- 
ferent. from those which now prevail. This is one of 
many instances revealed by a study of ancient floras 
of remarkable changes in geographical distribution as 
in climate. Gleichenia, like many other plants which 
have long ceased to exist in Europe, was - formerly 
acommon northern genus, and may have had its origin 
in the far north, whence it was subsequently driven by 
adverse conditions to seek a home in more congenial 
surroundings. 

The fern genus Matonia is now represented by two 
species in the Malay region; one of them was dis- 
covered a few years ago by Mr. Hose in a locality in 
Borneo, and has not been found elsewhere; the other 
and hetter known species, Matonia pectinata, occurs 
in the Malay Peninsula and on the mountains of Borneo. 
It is a fern, with a ereeping stem, from which are given 
off large spreading fronds borne on slender stalks reaching 
a height of six to eight feet. It is recognized by the 
shape of the leaf and by other more important charac- 
ters, notably by the structure of its stem, in which it 
differs from all other members of the fern class. 

Its isolated position among the ferns and its limited 
geographical range are in themselves suggestive of 
antiquity. The records of the rocks abundantly confirm 
this inference. Fossil fern leaves closely resembling 
those of Matonia pectinata oceur in strata of Rhetie 
age in Germany and in other parts of the world. In 
England this type has been found in the Jurassie beds 
on the Yorkshire coast and in Wealden strata not far 
from Hastings. From Wealden rocks in Belgium 
Pieces of stems have been obtained exhibiting anatomical 
features identical with those of the recent species. 
Fronds practically identical with those of the Malayan 
fern are recorded from an Austrian locality from rocks 
higher in the Cretaeeous series, but no satisfactory 
evidence is available of the persistence of the Matonia 
family in Europe or in the northern hemisphere during 
the latest phase of the Cretaceous or throughout the 
whole of the Tertiary period. The existing species of 
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Matonia are tho last survivors of a family which once 
flourished over a wide area in Europe and extended 
to the other side of the Atlantic. Exposed to unfavor- 
able climatic conditions, and possibly affected by 
the revolution in the plant-world consequent on the 
appearance of the flowering plants, Matonia gradually 
retreated across the equator until this “living fossil” 
found a last retreat in Malaya, the home of not a few 
links with a remote past. 

Brief reference may be made to another fern, the genus 
Dipteris, which grows in association with Matonia on 
Mt. Ophir and elsewhere in the Malay Peninsula. 
Dipteris is represented by more species and has a wider 
geographical range than Matonia; it occurs in northern 
India, central China, in New Caledonia, and other 
islands. The fronds are distinguished by their long, 
deeply cut segments, spreading from the top of a slender 
stalk. In the Rhetie plant-beds of northern and central 
Europe, North America, Tonkin, and elsewhere, numer- 
ous fossil leaves have been discovered which bear 
a close resemblance to existing species of Dipteris. 
Similar fronds have been found in the Jurassie rocks 
on the Yorkshire coast and in Sutherland. It is im- 
possible to say with confidence how nearly these Jurassic 
ferns are related to the existing species, but there ean 
he no reasonable doubt that Dipteris, like Matonia, 
is a fern which connects the present with a past too 
far off to be measured by ordinary standards of time. 

The large class of plants known as the conifers— 
though the name is in certain eases a misnomer, as 
inéluding the pines, 
arches, firs, and several other trees, has a very much 
longer past history than the flowering plants. Tn 
rocks of all ages down to the Upper Pakeozoie strata 
the remains of leafy shoots, pieces of petrified wood, 
seeds, and cones are abundant fossils, but the difficulty 
is to piece together the disjecta membra and to determine 
the degree of relationship between the extinet and 
the living. 

I will confine myself to two genera of conifers which 
are especially noteworthy as persistent types—plants, 
like the fern Matonia, which formerly played a much 
more conspicuous role in the world’s vegetation than 
they do now. Everyone is familiar with the Californian 
trees known as Sequoia or Wellingtonia. 

The redwood, Sequoia sempervirens, occupies a narrow 
belt of country, rarely more than twenty or thirty miles 
from the coast, 300 miles long from Monterey in the 
south to the frontiers of Oregon. The tapering trunk, 
rising to a height of more than 300 feet, gives off short 
horizontal branches thickly set with narrow leaves 
dispersed in two ranks, as in the vew. The female 
flowers have the form of oblong cones from three-quarters 
to one inch long, and each woody cone-seale bears several 
small seeds on its upper surface. The second and more 
familiar species, S. gigantea, the mammoth tree, which 
is commonly cultivated in this country, has an even 
more restricted range, being confined to groves on the 
western slopes of the Sierra Nevada between 3,000 
to 9,000 feet. above sea level. This species is at once 
distinguished from the redwood by its stiff, sharply 
pointed and seale-like leaves, and by its rather larger 
cones. 

In the British Museum there is a section of a mam- 
moth tree which shows on its polished surfaee 1,235 
rings of growth. On the assumption that each ring 
marks a year’s growth, the tree when felled in 1890 was 
1,335 vears old, and when Charles the Great was erowned 
Emperor at Rome it had already flourished for more 
than 200 years. These two giant conifers, remarkable 
as being probably the tallest trees in the world, beeome 
even more impressive when wé know something of their 
past. The investigation of the herbaria buried in the 
earth’s erust reveals the occurrence of similar, and in 
some eases apparently identieal, snecies in many parts 
of Europe and in American localities far from their 
present home. It has heen demonstrated that the 
hig trees of California are the survivors of a once virorous 
family which formerly flourished in many parts of 
the Old World, but as the result of altered cireum- 
stanees, changed physieal conditions, or unequal eom- 
petition with other types in the struggle for life, dwindled 
in numbers and narrowly escaped extinction. 

At Bovey Tracey in Devonshire there is a hasin- 
shaned depression in the granitie rocks of Dartmoor 
filled with elay, gravel, and sand—the flood-deposits 
of a Tertiary lake containing the waifs and strays of 
the vegetation from the surrounding hills. Among 
the commonest plants is one to which the late Oswald 
Heer gave the name Sequoia Couttsiae, and his reference 
of the specimens to Sequoia has recently been confirmed 
by the researches of Mr. and Mrs. Clement Reid. This 
Tertiary snecies is represented by slender twigs almost 
identical with those of S. aigantea and by well-preserved 
eone-seales and seeds. Moreover, it has heen possible 
to examine microseopically the carbonized outer skin 
of the leaves, and to demonstrate its close agreement 
with that of the superficial tissue in the leaves of the 
Californian tree. With the Bovey Tracey Sequoia 


some members bear no cones 


are associated fragments of Magnolia, Vitis, the swamp 
cypress of North America, as well as other types which 


Twigs 
and cones identified as those of Sequoia are recorded 
from several continental districts from both Cretaceous 


have long ceased to exist in the British Isles. 


and Tertiary strata. The genus occurs in abundance 
in Tertiary beds on Diseo Island and in Spitzbergen. 
Dr. Nathorst has obtained specimens from the Arctic 
Ellesmere Land almost as perfect as herbarium speci- 
mens. Remains of Sequoia have been found also in 
Tertiary rocks on the banks of the Mackenzie River, 
in Alaska, Saghalien Island, Vancouver Island, and 
elsewhere. 

One of the most remarkable instances of the preserva- 
tion of trees of a bygone age is supplied by the volcanic 
strata of Lower Tertiary age exposed on the slopes of 
Amethyst Mountain, in the Yellowstone Park district. 
At different levels in the 2,000 feet of strata as many as 
fifteen forests are represented by erect and prostrate 
trunks of petrified trees. The microscopical examina- 
tion of some of these trees shows that they bear a close 
resemblance to S. sempervirens. In a photograph given 
to me by Dr. Knowlton, of Washington, one sees living 
conifers of other genera side by side with the lichen- 
covered and weathered trunks of the fossil Sequoia, 
contiguous but separated in time by millions of years. 
From Cretaceous rocks of South Nevada, not very far 
from the present home of Sequoia, petrified wood has 
been deseribed possessing the anatomical characters 
of the mammoth tree. While there is little doubt that 
Sequoia formerly had its maximum distribution in the 
northern hemisphere, there is some evidence, though 
not conclusive, that the genus once existed in Mada- 
gasear and in New Zealand. 

THE ARAUCARIA FAMILY. 

Another and even more venerable section of the 
conifers is represented by the Araucaria family, whieh 
includes two genera, Araucaria and Agathis. The 
best known species of Agathis, or Dammara as it is 
sometimes called, is the Kauri pine, probably the finest 
forest tree in New Zealand. The stems reach a height 
of 160 feet, terminating in tiers of spreading branches 
bearing thick and narrow leaves 2 to 3 inches long. 
The almost spherical cones consist of a central axis 
broadly triangular scales, each 
Other species 


bearing overlapping, 
of which earries a single winged seed. 
of Agathis oceur in the Malay Archipelago, the Philip- 
pines, Queensland, and elsewhere. The genus Arauearia, 
with the exception of the familiar Monkey Puzzle 
(Araucaria imbricata) and a Brazilian species, is con- 
fined within the geographical area occupied by Agathis. 
In addition to the Monkey Puzzle, introduced into 
England in 1796 from Chile, the Norfolk Island pine 
(A. excelsa) is a commonly cultivated pot-plant in 
this country; it was introduced to Kew in 1793 by 
Sir Joseph Banks soon after its discovery by Captain 
Cook. 

Before we consider the past history of the Araucaria 
family, a word must be added in regard to the charae- 
ters which enable us to recognize Araucaria and Agathis 
in a fossil state. The wood of these two genera differs 
in certain minute structural features from that of other 
conifers; the examination of a radial longitudinal see- 
tion of a branch of one of the Arauearias under a micro- 
seope shows on the walls of the elongated tubular ele- 
ments of whieh the wood consists small polygonal 
areas technically known as bordered pits; these oceur 
in one or more rows, and may be deseribed as circles 
converted into polygons by mutual pressure. Jn pines 
and other eonifers these bordered pits are circular or 
oval in form, and not, as a rule, contiguous. The 
foliage shoots of Araucaria, though fairly distinetive 
in the form and arrangement of the leaves, may be 
confused with branches of other genera, and are in 
themselves of secondary importance for diagnostie 
purposes. On the other hand, the seed-bearing seales 
of the large cones afford much more trustworthy means 
of identification; each seale bears a single seed either 
immersed in the seale or lving in the middle of its upper 
face. In other conifers two or more seeds oceur on 
each seale. * It is not possible as vet to give a definite 
answer to the question: How far into the past can we 
trace the direct ancestors of existing species of Araucaria 
and Agathis? 

From Permian and Upper Carboniferous rocks foliage 
shoots have been obtained almost identical in form 
with those of the Norfolk Island pine, and there is 
other evidence of a more satisfactory kind pointing 
to the probable existence in Paleozoic floras of trees 
closely akin to Arauearia. Araucarian types are recorded 
from Triassie strata, but from rocks of Jurassie age 
Arauearian cones and seed-bearing seales, together 
with wood and foliage shoots, have been found in 
greater abundance. Petrified wood practically identical 
with that of the living species is recorded from Lower 
Jurassic rocks at Whitby, and there is reason to believe 
that some of the Whitby jet owes its origin to Araucarian 
wood. 

A good example of a cone agreeing closely in structure, 
as in size, with the cones of some species of Araucaria 
was deseribed in 1866 by Mr. Carruthers from Jurassic 
rocks at Bruton, in Somersetshire. Cone-seales exhibit- 
ing the characteristic features of Araucaria have been 
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found in the Middle Jurassic rocks of Yorkshire, in 
Jurassic rocks of north-east Scotland, Cape Colony, 
Australia, India, and in the eastern States of North 
America. In a collection of Jurassic plants obtained 
a few years ago by members of a Swedish antarctic 
expedition in Graham's Land, Dr. Nathorst has recog- 
nized some seed-seales of the Araucarian type. As 
we ascend the geological series and pass into Cretaceous 
strata, evidence of the wide distribution of the Araucariew 
is still abundant. Arauecarian wood has been discovered 
in Cretaceous rocks in Egypt, East Africa, Dakota, 
and elsewhere; and from beds of this age in New Jersey 
Prof. Jeffrey and Dr. Hollich have recently described 
several different types of fossils represented by petrified 
leafy shoots and cone-seeds, some of which are closely 
allied to Araucaria, while others are nearer to Agathis. 

In Tertiary floras undoubted Araucarian species are 
less common; it is not improbable that some foliage 
shoots from the plant-beds of Bournemouth, described 
by Mr. Starkie Gardner as Araucaria, may belong to 
a species nearly related to the Norfolk Island pine. 
From the extreme south of South America Araucarian 
wood and branches have recently been recorded, and, 
at the other end of the world, Tertiary rocks on the west 
coast of Greenland have yielded fragments which, with 
some hesitation, may be classed as Araucarian. 

One conclusion, which seems almost unavoidable, 
is that the species of Araucaria and Agathis which 
survive in South America and in the islands of the 
Pacific have in the course of successive ages wandered 
from the other end of the world. We can only speculate 
as to the causes which have contributed to the changes 
in the fortunes of the family; but one thing is certain, 
namely, that few existing plants are better entitled to 
veneration as survivors from the past than are the 
Monkey Puzzle and other species of Araucaria. 

THE MAIDEN-HAIR TREE. 

In recent years the maiden-hair tree of China and 
Japan, introduced into Europe early in the eighteenth 
eentury, has become fairly well known in English 
gardens. There is probably no other existing tree 
with so strong a claim to be styled a “living fossil,” 
to use one of Darwin’s terms. In 1712 the traveler 
Kaempfer proposed for this plant the generic name 
Ginkgo, and Linneweus adopted this designation, adding 
the specific name biloba to denote the characteristic 
bisection of the wedge-shaped lamina of the leaf into 
two divergent segments. In 1777 the English botanist 
Sir J. E. Smith expressed his disapproval of what he 
called the uncouth name Ginkgo by substituting the 
title Salisburia adiantifolia; but the correct botanical 
name is Ginkgo biloba. In its pyramidal habit Ginkgo 
agrees generally with the larch and other conifers; 
its leaves, which are shed every year, are similar in 
form and venation to the large leaflets of some maiden- 
hair ferns. The seeds, borne on fairly long stalks, 
are inclosed in a thick green flesh, and in appearance 
resemble small plums. For many years Ginkgo has 
been recognized by botanists as an isolated and probably 
ancient type. It used to be placed near the yew among 
the conifers; but in 1896 a Japanese botanist, Hirase, 
made the important discovery that the male repro- 
ductive cells of the maiden-hair tree are characterized 
by the possession of innumerable cilia which enable 
them to swim in fluid like the male cells of ferns and 
many other plants. In the true conifers the male 
eells have entirely lost the power of independent move- 
ment. Without going into details, the important point 
is that Hirase’s discovery confirmed suspicions based 
on other characters, that Ginkgo was not a true member 
of the conifers, and supplied a cogent reason for pro- 
moting it to a class of its own, the Ginkgoales. 

Though some travelers in China have spoken of 
jinkgo trees in a wild state, the balance of opinion 
is in favor of regarding the genus as represented at 
the present day solely by cultivated specimens. China 
was, no doubt, its last stronghold; in that country, 
as in Japan, it is regarded as a sacred tree, and planted 
in the groves of temples, and it would seem that the 
fact of its being held in veneration by the priests has 
saved it from extinction. 

As in many other cases, so in regard to Ginkgo we 
cannot speak with certainty as to its first appearance 
in the world’s vegetation. Leaves constructed on a 
similar plan have been found in Permian, Carboniferous, 
and Upper Devonian rocks in England, Germany, 
France, the Arctic regions, South Africa, Kashmir, 
the Ural Mountains, and elsewhere, but we still lack 
decisive evidence as to the systematic position. 

It is, however, an undisputed fact that the maiden- 
hair tree is connected by a long line of ancestors with 
the earliest phase of the Mesozoic epoch. From many 
parts of the world large collections of fossil plants 
have been obtained from strata referred to the Rhetic 
period or to the upper divisions of the Triassic system. 
The vegetation in those far-off days, extending from 
Australia, Cape Colony, and South America to Tonkin, 
the south of Sweden and North America, was much 
more uniform in character than is the case with widely 
separated floras at the present day. One of the most 
widely spread plants in this vegetation is one known 


as Baiera, which possessed leaves differing only in the 
greater number and smaller breadth of their segments 
from those of the maiden-hair tree. In the later Jurassic 
rocks of Yorkshire true Ginkgo leaves, as well as those 
of Baiera, are fairly common, and a few fragments 
of flowers have also been found. Both genera are 
recorded from Jurassic rocks of Germany, France, 
Russia, Bornholm, and elsewhere in Europe; they 
occur abundantly in Siberia, and are represented in 
the Jurassic floras of Franz Josef Land, the east coast 
of Greenland, and Spitzbergen. 

The abundance of fossil Ginkgo leaves and seeds in 
Jurassic strata in East Siberia has led to’ the suggestion 
that this region may have been a center where the 
Ginkgoales reached their maximum development in 
the Mesozoic period. The occurrence of fossil species 
in the Jurassic rocks of King Charles Land (78 degrees 
north) and in the New Siberian Islands (75 degrees 
north), in central China, Japan, Turkestan, California, 
South Africa, Australia, and Graham’s Land, demon- 
strates the cosmopolitan nature of the group. During 
the Tertiary period Ginkgo flourished in North America, 
in Alaska, and in the Mackenzie River district, Green- 
land, Saghalien Island, and in several European regions. 
In the Island of Mull beautifully preserved leaves of 
Ginkgo, indistinguishable from those of the living 
tree, have been found in sediments deposited on the 
floor of a lake during a pause in the voleanic activity 
which in the early days of the Tertiary era produced the 
thick series of basaltic rocks to which is due the charac- 
teristic contour of the Inner Hebrides. 

The recent cultivation in Britain of the maiden- 
hair tree is thus a reintroduction of a plant which for- 
merly flourished in this part of Europe. Where and 
when this genus first appeared, and why a type once 
so vigorous has narrowly escaped extinction, are ques- 
tions which we cannot answer with confidence; we are, 
however, certain that the maiden-hair tree links the 
present with a past inconceivably remote; it is a tree 
“sacred with many a mystery,’’ antedating by millions 
of years the advent of man and far surpassing the 
flowering plants in antiquity. 

As we search through the fragmentary records scat- 
tered through the sediments of former ages, we dis- 
eover evidence of a shifting of the balance of power 
among different classes of plants. Plants now insig- 
nificant or few in number are found to be descendants 
of a long line of ancestors stretching back to remote 
antiquity. Others which flourished in a former period 
no longer survive. We can only speculate vaguely as 
to the cause of success or failure. As Darwin said, 
“We need not marvel at extinction; if we must marvel, 
let it be at our own presumption in imagining for a 
moment that we understand the many complex contin- 
gencies on which the existence of each species depends.” 


New Applications of Tungsten and 
Molybdenum 


THERE is many a substance which first saw the light 
in a purely scientific laboratory and for which no imme- 
diate practical use could be foreseen, which at the present 
day finds application to various practical purposes. 

Prior to their production in ductile form, the two 
metals tungsten and molybdenum had but two applica- 
tions each: in steel making, and in electric lamps, the 
tungsten for filaments, and the molybdenum for filament 
supports. This last use is even better served by the 
drawn wires, and the majority of the tungsten lights now 
made in this country contain drawn filaments. 

The tungsten- or molybdenum-wound electric furnace 
has proved both cheaper than and superior to the plati- 
num-wound furnace, both because of higher tempera- 
tures and quicker heating. Both metals form good sub- 
stitutes for platinum, platinum-iridium, or iridium, in 
various contact-making-and-breaking devices. That 
this is the case, is the result of the good heat conductivity 
of the ductile forms of these metals, their relative cheap- 
ness allowing the use of comparatively large masses, both 
of these factors preventing the formation of a heavy non- 
conducting oxide coating, while under the conditions 
existing in these contacts the thin oxide coatings are con- 
ductors. 

In the Réntgen tube tungsten has opened a new field. 
Owing to its higher melting point, as compared with plati- 
num, tungsten gives the Réntgen ray operator an inde- 
structible target, upon which the cathode rays may be 
more closely focused, resulting in sharper definition and 
shorter exposure. 

The use of wrought tungsten for projectiles is being 
carefully considered. Its high specific gravity, 19.3, as 
compared with lead, appears to give it the theoretical 
advantages of a flatter trajectory and longer range. Its 
hardness and high tensile strength should give it high 
penetrating power. Its high melting point will prevent 
fusion due to the heat from the charge and consequent 
erratic flight. Against this, however, is the possibility 
that the smaller tungsten bullet of the same weight as a 
copper-nickel-jacketed lead one will possess in an aggra- 
vated degree the disadvantage of the latter, unless it hits 
a man in a vital spot it doesn’t stop him.—Engineering 
and Mining Journal. 
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Trade Notes and Formulee 
Weather Indicators.—For impregnating the fabrigg 
in which the little weather mannikins or weather ladies 
are dressed, the following solution is used: Chloride 
of cobalt 30 parts by weight, sodium chloride 15 parts, 
gum arabic 7% parts, calcium chloride 4% parts, water 
400 parts. The change of color is due to the cobg} 
salt, which, in a dry air, is lavender blue. If the atmeg. 
phere becomes damp it turns bluish red, then light red 
and pink, according to the amount of moisture in the 
air, With the return of dry weather, the blue color 
reappears.—Neueste Erfahrungen und Erfindungen, 
A Non-inflammable Fluid Floor Dressing is obtained, 
according to Beaumont, from 550 parts of tetrachloride 
of carbon, 225 parts oil of turpentine, 125 parts bees. 
wax, 10 parts hard copal, 90 parts methyl alcohol. The 
different constituents may vary, according to the mg. 
terial to be produced, but the oil of turpentine magt 
not exceed the tetrachloride of carbon in quantity. Qp 
the water bath, which must not exceed 70 deg. Cent. fg 
temperature, the tetrachloride of carbon is heated, into 
which the beeswax is introduced in small pieces. It jg 
stirred until the wax is completely dissolved. Then the 
oil of turpentine is added, stirring until a homogeneong 
mass is obtained. Into this mass is poured the methyl 
alcohol, in which the copal has been dissolved, mixing 
the whole thoroughly, especially when filling into ship 
ping bottles. The beeswax may be colored by means of 
sienna, umber, ocher, English red, ete., or it can be 
perfumed with essential oils —Phar. Zeitung. 
Adhesive for Coverings for Metal.—To attach baize, 
leather, cork, ete., permanently to smooth metals, sueh 
as brass, nickel, and the like, a rosin cement, sometimes 
known under the name linoleum cement, is well adapt 
ed. It can easily be made by melting together, 60 parts 
of rosin, 4 parts varnish, and 36 parts Venice turpen 
tine and must be used warm. A particularly firm-holé 
ing cement may be obtained by dissolving 10 parts 
caoutchoue in 50 parts sulphide of carbon and mixing 
this solution with one of 20 parts asphalt in 20 parts 
of benzol. A cement much used in spinning mills for 
attaching cloth to iron cylinders is produced by boiling 
100 parts of joiner’s glue, steeped in water, with 20 
parts of water, and when solution is effected, dissoly- 
ing in this 50 parts of rosin and 10 parts of Venice 
turpentine. Then, while stirring, add so much of # 
per cent acetic acid until the glue, on cooling. no longer 
solidifies, but remains thickly fluid. To render the glue 
insoluble, about 20 parts of 40 per cent formaldehyde 
may be added.—Technische Rundschau. 
Metal-polishing Preparations.—‘‘Gieolin” consists, ac 
cording to Aufrecht, principally of a mixture of am 
monia, alkali oleate, washed chalk and probably bole 
colored with a little carmine. “Sidol” would probably 
show a similar composition. A few approved recipes 
for metal polishing preparations are the following: 
Polishing Pastes—(1) Soft soap 30 parts, water @, 
aleohol (90 per cent) 10, bole or tripoli SO to 100; (2) 
petroleum 30 parts, olein 10 parts, soda lye (30 deg. 
Ré.) 4 parts, aleohol (90 per cent) 6, tripoli 40 to ® 
parts; (3) petroleum 50 parts, olein 15, alcohol (% 
per cent) 10, spirits of sal ammoniae (0.960) 5 parts, 
fossil meal (heated to redness) 20 parts; (4) benzine 
49 parts, olein 64, aleohol (90 per cent) 49 parts, spirit 
of sal ammoniae (0.960) 38, tripoli (white) 150 to 208; 
(5) caput mortuum 20 parts, washed fossil meal (ikte- 
selguhr) 30 parts, crude vaseline 50 parts. Putz Po 
made—200 parts finest pulverized soft-coal ashes, ® 
parts Vienna chalk, and 50 parts caput mortuum are 
pounded, with stearine oil and if necessary with soft 
soap, into a stiff mass and if desired perfumed with 
oil of myrrh. Polishing Powder for Brass and Coppet= 
(1) Tartarie acid 2 parts, white tripoli 2, rouge 1} 
(2) oxalie acid 3, chalk 4, rouge 1, emery 1; (5) briek 
dust 2 parts, common salt 1, alum 1, pumice stone 
powder 3 parts. The polishing powders are to be 
moistened when used.—Pharmazeutische Zeitung. 
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